
  
Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

 
 
 
 
 

Advancing Research on Youth Motivation in STEM: A 
Report on the NSF ITEST Convening 

 
 
Boston College 
Chestnut Hill, Mass. | September 10–11, 2011 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Sarita Pillai, Caroline Parker, Alyssa Na’im 
 

ITEST Learning Resource Center  
Education Development Center, Inc.  

43 Foundry Ave, Waltham, MA 02453-8313  
 
 



  

 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

TABLE OF CONTENTS 

TABLE OF CONTENTS ............................................................................................................................. 0 

ACKNOWLEDGMENTS ............................................................................................................................ 3 

ADVISORS ................................................................................................................................................... 3 
PROJECT TEAM ........................................................................................................................................... 3 

Education Development Center, Inc. (EDC) ......................................................................................... 3 
MPR Associates, Inc. ............................................................................................................................ 3 

FACILITATORS ............................................................................................................................................ 3 
YOUTH MENTORS ....................................................................................................................................... 3 

EXECUTIVE SUMMARY .......................................................................................................................... 4 

INTRODUCTION ........................................................................................................................................ 6 

OVERVIEW OF THE ITEST PROGRAM ......................................................................................................... 7 
OVERVIEW OF THE CONVENING.................................................................................................................. 8 
YOUTH PARTICIPATION .............................................................................................................................. 9 

YOUTH MOTIVATION RESEARCH—A BRIEF HISTORY ..............................................................11 

RESEARCH ON THE GENESIS OF INTEREST IN SCIENCE ...............................................................................11 
Sputnik Sparks Interest ........................................................................................................................12 

INDUCTIVE APPROACHES: THEORIES LEADING TO TESTABLE INTERVENTIONS .........................................13 
DESIGNS: Focus on Teaching ............................................................................................................13 
YouthALIVE! Focus on Multi-Year Engagement .................................................................................14 
Perceived Relevance: Focus on Introspection .....................................................................................15 

DEDUCTIVE APPROACHES: EXPLORATIONS LEADING TO THEORIES OF ACTION ........................................16 
Longitudinal Studies of Multiple Programs and Pathways ..................................................................16 
The Science Learning Activation Lab ..................................................................................................17 
The Synergies Project: Investigating Science Motivation in Situ ........................................................17 

WHAT HAVE WE LEARNED IN A CENTURY OF RESEARCH? .......................................................................17 

CONVENING ACTIVITIES AND OUTCOMES ....................................................................................19 

EMERGING RESEARCH AREAS WORKING GROUP ......................................................................................19 
Individual vs. Group Dynamics ...........................................................................................................19 
Socio-Cultural Factors ........................................................................................................................19 
Barriers to Motivation .........................................................................................................................20 
Learning Environments ........................................................................................................................20 
Sustaining Motivation ..........................................................................................................................21 
Biological and Neurological Factors...................................................................................................21 

RESEARCH METHODOLOGIES WORKING GROUP .......................................................................................22 
Build on Existing Best Practices ..........................................................................................................22 
Consider Nontraditional Methods .......................................................................................................23 
Use Technology ....................................................................................................................................24 
Focus on Dissemination .......................................................................................................................24 
Clarify Definitions ...............................................................................................................................24 
Continue to Identify and Address Challenges and Questions ..............................................................26 

EVALUATION PRACTICES WORKING GROUP ..............................................................................................26 
Measurement Issues .............................................................................................................................27 
Practical Matters for Evaluation .........................................................................................................29 

RESEARCH-TO-PRACTICE ISSUES WORKING GROUP ..................................................................................30 
Identifying and Partnering with Key Stakeholders ..............................................................................31 
Challenges to Dissemination and Outreach ........................................................................................32 

REFERENCES ............................................................................................................................................34 



  

 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

APPENDIX A: THE ITEST PROGRAM .................................................................................................35 

APPENDIX B: CONVENING AGENDA .................................................................................................37 

APPENDIX C: CONVENING WHITE PAPERS ....................................................................................39 

WHITE PAPER #1: YOUTH STEM MOTIVATION: IMMERSIVE TECHNOLOGIES TO ENGAGE AND EMPOWER 

UNDERREPRESENTED STUDENTS ...............................................................................................................39 
WHITE PAPER #2: MOTIVATING YOUTH THROUGH AUTHENTIC, MEANINGFUL AND PURPOSEFUL 

ACTIVITIES: AN EXAMINATION THROUGH THE LENS OF TRANSFORMATIVE ACTIVIST STANCE ...................51 
WHITE PAPER #3: MOTIVATION AND CULTURALLY RESPONSIVE TECHNOLOGY FOR COMPUGIRLS .....60 
WHITE PAPER #4: BUILDING ENGAGEMENT WITH TECHNOLOGY-ENHANCED LOCAL LEARNING .............70 

APPENDIX D: SELECTED RESOURCES ..............................................................................................79 

APPENDIX E: ATTENDEE LIST ............................................................................................................82 

APPENDIX F: GUIDING QUESTIONS FOR WORKING GROUPS ..................................................86 

 



  

Education Development Center, Inc.  Page 3 of 89 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

ACKNOWLEDGMENTS 

The authors wish to thank the advisors, presenters, and attendees of the ITEST 
Advancing Research on Youth Motivation in STEM Convening for their contributions to 
the event and to this report. Special thanks are due to the staff of Boston College for 
their support of the Convening and this project. 

ADVISORS 

Mike Barnett, Boston College 
David Bluestein, Boston College 
Kevin Clark, George Mason University 
Jason Chen, Harvard University 
Gil Noam, Harvard University 
Karen Peterson, EdLab Group 
Catherine Wong, Boston College 

PROJECT TEAM 

Education Development Center, Inc. (EDC) 

Sarita Pillai, Co-PI 
Tony Streit, Co-PI 
Siobhan Bredin 
Kate Goddard 
Kimberly Lucas 

MPR Associates, Inc. 

Beverly Farr 
Laurel Sipes 

FACILITATORS 

Christina Bonney, EDC 
Camille Ferguson, EDC 
Anne-Marie Hoxie, The Afterschool Corporation (TASC) 
Cary Sneider, Portland State University 

YOUTH MENTORS 

Dennis DeBay, Boston College 
Sheron Mark, Boston College 
Marla DeRosa, Boston College 
Lin Zhang, Boston College 
Jim Haley, Boston College 
 

Copyright © 2013 by Education Development Center, Inc. All rights reserved. No part of this 
publication may be reproduced or republished without the prior written permission of EDC. 

The activities conducted by the ITEST Learning Resource Center have been funded through a 
grant from the National Science Foundation (Grant Number DRL-1029540). Any opinions, 
findings, conclusions, or recommendations expressed in this publication are those of the authors 
and do not necessarily reflect the views of the funder. 



  

Education Development Center, Inc.  Page 4 of 89 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

EXECUTIVE SUMMARY 

In September 2011, the ITEST Learning Resource Center (LRC) at Education 
Development Center, Inc. (EDC), hosted a Convening titled Advancing Research on 
Youth Motivation in STEM (science, technology, engineering, and mathematics). This 
Convening brought together youth participants and principal investigators (PIs) from 
ITEST with leading researchers, psychologists, and sociologists to develop a theoretical 
research framework to guide future research on youth motivation in STEM, with a 
particular emphasis on youth from populations most underrepresented in the STEM 
workforce, specifically women, minorities and people with disabilities. 

The Convening focused on two overarching questions: (1) What is currently known 
about motivation around STEM for underrepresented youth? and (2) What can be done 
to cultivate new research on STEM motivation for underrepresented youth?  

Convening attendees self-selected into four working groups—Emerging Research 
Areas, Research Methodologies, Evaluation Practices, and Research-to-Practice 
Issues—which were designed to allow participants to share their perspectives on the 
particular topic as it was being addressed generally throughout the Convening and 
through the panels, white paper presentations, and other discussions, and to influence 
the content of the research agenda. 

The Emerging Research Areas working group identified six areas where additional 
research would be valuable: 

 Individual versus group dynamics and their role in motivation in both face-to-face 
and online settings 

 Historical, social, cultural, and racial/ethnic influences on interest in STEM and 
their relationship to motivation (interest, engagement, persistence, and goal-
setting) 

 Developing a better understanding of barriers to motivation, how to account or 
accommodate for them, and, where possible, how to minimize or eliminate them 

 The role and impact of learning environments on youth motivation, including 
understanding similarities and differences between formal and informal settings 
and how transitions between these settings impact student motivation 

 Sustaining motivation, or developing “motivational momentum” 

 The impact of the many changes that individuals experience in self-perception 
and motivation as they mature, biologically and neurologically 

 

The Research Methodologies working group identified six ways to cultivate new 
research around STEM motivation in youth:  

 Building on existing best practices in research methodologies, instrumentation, 
and national databases 

 Exploring nontraditional methods of designing research on STEM motivation, 
many of which offer a relationship between researcher and subject that is more 
interactive and allows the subject more participation in the research process (the 
group also noted the relationship between the research method chosen and the 
kinds of findings and lessons that can be obtained and disseminated) 
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 Taking advantage of technology in all areas, including communication with 
colleagues, data collection, and dissemination 

 Disseminating findings to different audiences  

 Carefully defining terms and constructs—particularly motivation and the many 
sub-constructs that make up motivation—which is critical to quality research 
design 

 Acknowledging that research designs are not static and that challenges and 
questions should be continually identified and addressed  

The Evaluation Practices working group’s discussions over the course of the Convening 
highlighted technical and practical recommendations for evaluation related to youth 
motivation in STEM. From a technical standpoint, the working group made 
recommendations regarding identifying appropriate constructs, methods, and tools. 
From a practical perspective, the group noted several considerations for evaluation 
practices, such as involving stakeholders in the evaluation, accounting for projects’ 
processes and outcomes, evaluating fidelity and replication, and understanding the role 
of the evaluator.  

Finally, the Research-to-Practice Issues working group focused on the relationship 
between research and practice—including the barriers to collaborative efforts in data 
collection and dissemination. Underlying this group’s discussion was the more general 
theme of addressing the need to involve multiple stakeholders in all aspects of research, 
as partnerships help to both support and advance STEM education. The working group’s 
overarching questions included understanding how to break through systemic barriers to 
translating motivation research into practice, what the drivers of systemic change are, 
and how to foster effective collaboration among key stakeholders in the research-to-
practice cycle.  

This report outlines in greater detail the discussions and outcomes of the convening.  
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INTRODUCTION 

In September 2011, the ITEST Learning Resource Center at Education Development 
Center, Inc. (EDC), hosted a Convening titled Advancing Research on Youth Motivation 
in STEM (science, technology, engineering, and mathematics). This Convening brought 
together youth participants and principal investigators (PIs) from ITEST with leading 
researchers, psychologists, and sociologists to develop a theoretical research framework 
to guide future research on youth motivation in STEM, with a particular emphasis on 
youth from populations most underrepresented in the STEM workforce, specifically 
women, minorities and people with disabilities. 

The impetus for this event was manifold. While there are numerous and sometimes 
conflicting theories on youth motivation in education and learning, the existing research 
on youth motivation regarding STEM (e.g., what motivates youth to become involved in, 
learn more about, take classes in, and/or explore careers in STEM?) is thin. This is 
especially true with regard to factors that impact the motivation of underrepresented 
youth to participate in STEM. Similarly, although research on motivation assessment and 
measurement is being conducted, many of the existing instruments are very general and 
are therefore of limited value. Any substantive and potentially useful research into youth 
motivation in STEM must be preceded by a thorough exploration of the existing theories, 
with the intent of creating an agreed-upon research framework within which to situate the 
new research. The goal of the Convening was to encourage future research on youth 
motivation in STEM, particularly with respect to underrepresented youth, by developing 
such a research framework.  

Since the first year of the ITEST (Innovative Technology Experiences for Students and 
Teachers) initiative, PIs have come together to share strategies and lessons learned 
from their various projects and to advance their individual and collective efforts. 
However, there had never been a gathering that specifically examined the impact of 
ITEST project experiences on youth participants and on their overall engagement in 
STEM, both during and after their project involvement. Of particular interest, and one of 
the unique aspects of the September Convening, was the opportunity to hear directly 
from diverse groups of young people their perspectives on what motivates youth to get 
involved in STEM learning experiences, such as ITEST projects, and how those 
experiences may lead them toward college or careers.  

The Convening focused on two overarching questions:  

 What is currently known about motivation around STEM for underrepresented 
youth? 

 What can be done to cultivate new research on STEM motivation for 
underrepresented youth?  

Additionally, the event engaged participants in an exploration of questions related to 
youth motivation regarding STEM, for example: 

 What motivates young people to participate in STEM learning experiences?  

 What role does community, family, or cultural context play in that motivation to 
learn?  



  

Education Development Center, Inc.  Page 7 of 89 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

 What do STEM learning experiences teach young people about STEM 
educational and career paths?  

 What specific programmatic aspects have the greatest impact on youth 
involvement in STEM beyond ITEST?  

The Convening brought together learning science researchers, developmental 
psychologists working in motivation and career theory, sociologists looking at workforce 
issues, and members of the ITEST community (youth participants, PIs, project staff, 
evaluators, and program officers). The event provided an opportunity to bring several 
multidisciplinary perspectives to the ITEST program’s present work and to link 
researchers exploring motivation from various theories. The Convening had the following 
goals:  

 Generate a theoretical research framework and methodologies most appropriate 
for exploring youth motivation in STEM and related assessment issues—
including both compelling questions for exploration and a summary of existing 
knowledge and effective methodologies used in similar efforts 

 Foster new working relationships among participants to spark new research 
opportunities 

 Engage the ITEST community in identifying central elements of their programs 
that foster effective STEM motivation, career discovery, and exploration 

 Map the existing data on the intensity, nature, and rigor of ITEST project impacts 
as they relate to youth motivation in STEM  

 Inform researchers of the needs of the ITEST community as its members 
endeavor to advance understanding of the factors that affect youth motivation in 
STEM 

OVERVIEW OF THE ITEST PROGRAM 

The ITEST program was designed to develop, implement, study, and evaluate strategies 
that encourage youth to become interested in and prepared for careers in the STEM 
workforce of the future. The National ITEST Learning Resource Center, located at EDC, 
supports achievement of the ITEST program goals through (1) increased knowledge and 
capacity among ITEST PIs and their teams to design, evaluate, and refine their work to 
achieve individual project goals, (2) synthesis, analysis, and documentation of the 
collective experiences and results of ITEST projects, and (3) dissemination of the 
knowledge created in the ITEST program to inform the field of STEM workforce 
development.  

Over the life of the program, 195 projects have been funded for periods ranging from 
one to five years, with approximately 100 projects officially active at any point in time, 
translating into 500 ITEST community members (including PIs, evaluators, program 
directors, project staff, and representatives from partner organizations). The ITEST 
program is interested in addressing a number of questions regarding youth and STEM, 
for example:  

 What does it take to effectively interest and prepare students to participate in the 
STEM workforce of the future?  
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 What knowledge, skills, and dispositions do students need in order to participate 
productively in the changing STEM workforce and to be innovators, particularly in 
the areas of STEM-related networked computing and information and 
communication technology (ICT)? How do students acquire this knowledge and 
these skills and dispositions?  

 How can the nation’s burgeoning cyberinfrastructure be harnessed as a tool for 
STEM learning in classrooms and informal learning environments?  

 What will ensure that the nation has the capacity it needs to participate in 
transformative, innovative STEM advances?  

 How can we assess and predict students’ inclination to participate in STEM 
fields, and how can we measure and study the impact of various models to 
encourage that participation?  

Types of projects currently funded by the ITEST program include the following: 

 Research projects that enrich our understanding of issues related to 
expanding the STEM workforce. Research projects may conduct efficacy and 
effectiveness studies of intervention models, conduct longitudinal studies of 
efforts to engage students in the STEM areas, develop instruments to assess 
engagement, persistence, and other relevant constructs of student motivation, or 
conduct studies to identify predictors of student inclination to pursue STEM 
career trajectories. ITEST is especially interested in projects that target students 
from groups that are underserved and underrepresented in STEM and ICT-
intensive careers, including those residing in rural and economically 
disadvantaged communities. 

 Strategies projects that design, implement, and evaluate models for 
classroom, afterschool, summer, virtual, and year-round learning 
experiences for students and teachers. Such strategies are intended to 
encourage students’ readiness for, and their interest and participation in, the 
STEM workforce of the future. Strategies project proposals must describe the 
anticipated contribution to the research knowledge base about STEM career 
preparation in addition to the immediate impact on participants. 

 Scale-up projects that implement and test models to prepare students for 
ICT or the STEM workforce of the future in a large-scale setting, such as 
the state or national level. A scale-up project must be based on evidence of 
demonstrated success from an existing strategy for students or teachers. 

In previous years, the program also funded conferences and workshops targeting STEM 
educators (from both formal and informal education communities), educational 
researchers, and evaluators. The conferences were expected to contribute to the 
development of a research agenda on K–12 STEM workforce preparation and 
development issues, workforce participation, and cyberlearning. 

OVERVIEW OF THE CONVENING 

The Convening was held September 10–11, 2011, on the campus of Boston College in 
Chestnut Hill, Massachusetts. The approximately 100 attendees represented a wide 
range of disciplinary expertise and research areas. Attendees included ITEST PIs and 
evaluators, formal and informal practitioners, motivation researchers, STEM 
researchers, learning science researchers, career development theorists, sociologists, 
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educational and developmental psychologists, anthropologists, workforce development 
experts, computer scientists, and technologists. In addition, 10 youth participants of the 
ITEST program (past and present) attended and contributed to the proceedings. 

A call for white papers for the Convening was issued. The white papers were intended to 
be used as the basis for discussions at the Convening. Each white paper was required 
to address a key topic related to the impact of youth motivation on STEM workforce 
development experiences. Potential topics included, but were not limited to, youth 
characteristics (including beliefs about competence and control, values and goals, and 
sense of social and personal connectedness); technology tools used and/or technology 
skills emphasized in a project; opportunities for career skills development and/or 
exposure to career pathway information; use of mentors with youth and/or youth 
exposure to STEM professionals; differentiated project strategies for specific populations 
of youth (by gender, race/ethnicity, socio-economic status [SES], disability, or English 
language learner [ELL] status); and the impact of family/parent/caregiver involvement. In 
terms of framing questions for papers, authors were encouraged to address such 
questions as, What role does community, family, or cultural context play in that 
motivation to learn? What specific programmatic aspects have the greatest impact on 
youth involvement in STEM beyond ITEST? What motivates young people to participate 
in STEM learning experiences? What do STEM learning experiences teach young 
people about STEM educational and career paths? 

Sessions at the event included a mix of panels and white paper presentations (see 
Appendix B for the Convening’s agenda). Six white papers were accepted and 
presented at the event. Four papers are included in Appendix C, and a fifth (by Cary 
Sneider) is presented in the next section as an historical overview of motivation 
research. Participants also attended three distinguished panels on the topics of learning 
sciences and how people learn; motivation research, including existing frameworks and 
theories of action; and research and evaluation challenges related to methodologies and 
measurement of youth motivation. 

Finally, attendees self-selected into four working groups—Emerging Research Areas, 
Research Methodologies, Evaluation Practices, and Research-to-Practice Issues—
which were designed to allow participants to share with colleagues their perspectives on 
the particular topic as it was being addressed generally throughout the Convening and 
specifically through the panels, white paper presentations, and other discussions, and to 
influence the content of the research agenda. A facilitator for each group was assigned 
to guide the discussion, to encourage group members to share their thoughts and ideas, 
and to aid the team in collectively sharing recommendations on the overall research 
agenda. To assist in facilitating discussion, guiding questions were provided for each 
group (see Appendix F for the list of guiding questions).  

The working groups, led by facilitators, met three times during the two-day Convening to 
engage in focused discussions on the four topics. The remainder of this report provides 
a brief history of research on youth motivation and details outcomes and 
recommendations from each working group.  

YOUTH PARTICIPATION 

Past and current ITEST youth participants were invited to attend the convening to 
contribute their input and expertise.  Selected youth-focused projects completed an 
application developed by LRC staff to identify specific youth who would attend the event.  
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Eight youth participants were selected and spanned a wide range of ages and 
perspectives – from an ITEST emeritus youth who is now a mechanical engineering 
college senior to high-school aged youth currently participating in ITEST programs.   In 
addition to LRC staff, four mentors (all Boston College doctoral students with the Lynch 
School of Education) worked closely to plan the youth activities and to mentor the 
students at the event. The selected youth engaged in 4 weeks of a virtual dialog via an 
online Facebook Group facilitated by their mentors and EDC staff, in preparation for a 
pre-convening day of face-to-face youth activities on Friday September 9th, 2011.  The 
culmination of their virtual and F2F work was used to develop two presentations on 
youth motivation in STEM from their perspective which they delivered at the event.   
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YOUTH MOTIVATION RESEARCH—A BRIEF HISTORY 

By Cary Sneider, Portland State University 

John Dewey’s seminal 1913 essay, Interest and Effort in Education, laid the foundation 
for educational theory and intervention in science education based on the central 
question of how to best motivate learners. The starting point of his theory of action was a 
definition of interest as “being engaged, engrossed, or entirely taken up with some 
activity because of its recognized worth” (p. 17). Dewey discounted the typical approach 
of motivating students by relying on a list of topics, such as dinosaurs, that most children 
find fascinating, and focused instead on a deeper level of engagement more recently 
referred to as “flow” (Csikszentmihalyi,1990) in which a person becomes so absorbed—
think of what it must be like to be a rock musician performing for a thousand roaring 
fans—that passage of time has no meaning. 

In Dewey’s theory of action, interests can motivate people to undertake efforts that may 
not be immediately engaging (such as practicing the guitar), which enable the individual 
to develop further skills and knowledge, leading to intellectual growth and development. 
Also, he is explicit about the teacher’s job—the intervention—that supports student 
motivation to continue learning and developing. Dewey presents his recommended 
intervention as a series of dos and don’ts that can be paraphrased as follows: 

Don’t . . . 

 Use fear or coercion to make students learn difficult subjects, such as math. 

 Sugar-coat learning by bribing students with goodies or affection. 

 Assign tasks that are too difficult so that students give up. 

 Assign tasks that are too easy, such as repetitive drills that bore students. 

Do . . . 

 Make an effort to understand what your students find intrinsically interesting. 

 Provide an environment where students can pursue and extend their interests. 

 Relate science to human concerns. 

 Provide tools and materials for students to do real work. 

 Challenge students to innovate and invent in order to pursue their goals. 

Although Dewey’s essay seems remarkably modern in its ideas about how to motivate 
students in STEM (notice the references to technology, engineering, and mathematics), 
it differs from modern articles in that it does not deplore students’ lack of interest in 
science. Rather, Dewey takes a positive approach, implying that all students are 
naturally interested in learning about the world, and it’s the job of a sensitive and 
capable science teacher to build on that interest in order to support students’ intellectual 
growth. 

RESEARCH ON THE GENESIS OF INTEREST IN SCIENCE 

Interest in students’ attitudes toward science was a major topic of educational research 
throughout most of the 20th century according to a research review of more than 400 
studies by Ormerod and Duckworth (1975). The first study they cited, published in 1874, 
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was by Francis Galton of 100 Fellows of the Royal Society and titled Men of Science: 
Their Nature and Nurture; Galton found that interest in science began very early, and in 
fact most scientists could not recall when they were not interested in science.  

The number of research studies of schoolchildren’s attitudes toward science increased 
substantially in the 1930s, including a survey of science interest among 9,000 
elementary age children in Worcestershire, England. Further work in the 1940s and 
1950s attempted to pin down the age at which children became interested in science 
related careers. A key study by Chown (1958) reported two peaks in the time of 
occupational choice—ages 13 and 16 for boys, and ages 11 and 15 for girls, who tended 
to mature earlier. Ormerod and Duckworth concluded, “The widely used evidence all 
points to the conclusion that, in the United Kingdom and the United States, at least, the 
critical ages at which pupils’ attitudes to science can be influenced extend from about 8 
years of age to about 13 or 14” (p. 4). 

Sputnik Sparks Interest 

Prior to the launch of Sputnik in 1957, science educators were aware that many students 
tend to lose interest in science sometime before high school, but it was not a major 
cause for concern for the nation. However, once the importance of a strong scientifically 
minded workforce came to be associated with national security at the start of the cold 
war, what was then called the “swing from science” began its climb to the top of the 
agenda for science education research. 

A more recent review by Osborne (2003) that summarized findings from a selected 
group of about 150 key studies focused on the importance of a scientific-technical 
workforce for continued economic prosperity. The review pointed to the finding that 
students’ interests in science tend to decline from age 11 onward and expressed serious 
concern about the decline since 1990 in the number of students in the US and UK who 
choose to pursue STEM fields in college and graduate work in STEM fields. 

Osborne found that various researchers conceived of “attitudes toward science” in 
different ways. Some emphasized the affective aspects of the construct, such as 
feelings, beliefs and values about science. Others emphasized the cognitive aspects, 
such as a questioning approach to the world, a search for data and their meaning, a 
demand for verification, and a respect for logic. The affective dimension is generally 
referred to as “attitudes toward science” while the cognitive dimension is commonly 
referred to as “scientific attitudes.”  

A key finding of Osborne’s review was the apparent contradiction between students’ 
attitudes toward science in general and their attitudes toward science in school, 
especially at the high school level. That is, most teenagers, including both boys and 
girls, find science interesting and useful in everyday life. On the other hand, most 
teenagers find school science, and especially physics, to be difficult, boring, and 
disconnected from society. Research studies strongly suggest that the reason for this 
apparent contradiction is the poor quality of school science teaching, and that the most 
important single factor in engendering positive attitudes is a knowledgeable and 
enthusiastic teacher.  

The second most important factor in reversing the swing from science is the 
curriculum—how teachers engage students in science, both in school and informal 
science settings such as afterschool, Saturday, and summer programs. Given that 
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choosing an effective curriculum is somewhat easier to control than recruiting, training, 
and retaining the best teachers, it is not surprising that the largest number of studies by 
far have been comparisons of different science curricula, numbering in the hundreds, 
and possibly thousands. Osborne’s review is critical of such studies because the great 
majority of them compared an experimental intervention with the normal curriculum, but 
failed to analyze the essential ways in which the two instructional approaches differ. 

INDUCTIVE APPROACHES: THEORIES LEADING TO TESTABLE INTERVENTIONS 

Taking Osborne’s analysis to heart, this section focuses on three interventions and their 
theories of action that provide exceptional insights into what works in motivating youth to 
engage in STEM activities, to develop a personal interest in STEM subjects, and to 
aspire to STEM careers.  

DESIGNS: Focus on Teaching 

Schwartz and Sadler (2007) compared three instructional methods for engaging student 
interest in science while increasing their knowledge of science concepts. The 
interventions involved same content matter, the same hands-on activities, and many of 
the same instructional supports, so that they could analyze the effect of a single 
variable—the way that teachers and students shared responsibility for guiding 
instruction. 

1. In the traditional method the textbook specified the instructional goals, 
strategies for students to use in reaching the goals, and the order of activities.  

2. In the discovery method the students had the freedom to choose the 
instructional goals as well as the strategies to reach the goals.  

3. In the balanced method the teacher set the goals while the students determined 
the strategies they would use in reaching the goals. 

The unit being tested was about electromagnets, drawn from the DESIGNS curriculum 
that the researchers had developed. Two theories of action guided development of the 
instructional materials. The first was perceptual control theory, which emphasized the 
importance of goals that enable students to marshal their resources toward a specific 
end, to continuously evaluate their progress, and to make decisions about their own 
learning. Perceptual control theory predicted that the discovery approach would be the 
most motivating. 

The researchers also wanted students to develop science concepts and skills. The 
theory of action to support that purpose was skill theory, which emphasized the 
importance of beginning at the level of action so that the students would become familiar 
with the various materials and properties of the electromagnet, and scaffolding their 
efforts to represent single then multiple variables, and finally advance to abstract 
thinking. Skill theory predicted that the balanced method would be best.  

Student engagement was assessed by systematically observing the number of students 
on task (in “flow”), and growth in knowledge was measured by a concept questionnaire 
that tested their understanding of electromagnetism and their ability to solve new 
problems that they had not encountered during the intervention. 

The results of the study were that the balanced method, in which the teacher sets a well-
structured goal but the students have freedom to control their strategies and procedures 
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in reaching the goal, was most effective in motivating students and in gaining knowledge 
and skills. In contrast, students in the traditional condition were bored and tended to 
focus on what the teacher wanted, asking questions such as: “Is this right?” “Will this be 
on the test?” The students in the discovery condition were highly motivated, but at the 
end of the unit they had little grasp of how electromagnets worked. 

The Schwartz and Sadler study provides an excellent example of a research design that 
avoids the methodological problems pointed out by Osborne and that yields valuable 
information about how to accomplish affective as well as cognitive goals. However, its 
usefulness is limited to what can be done with the relatively short-term interventions that 
can take place in a science classroom. Such interventions rarely address the more 
profound obstacles met by youth of color, by girls who have received little incentive to 
engage in STEM, or by youth from communities of poverty. Consequently, we turn next 
to a pair of studies that—although variables are not controlled as they were in the 
Schwartz and Sadler study—nonetheless shed light on the kinds of interventions that 
may have substantial impacts on youth who are otherwise difficult to reach. 

YouthALIVE! Focus on Multi-Year Engagement 

YouthALIVE! (Youth Achievement through Learning, Involvement, Volunteering, and 
Employment) was a response by a small group of individuals within the science center 
community to a series of reports in the late 1980s that the talent and potential of too 
many young people was being lost. The result was YouthALIVE!, which may well be the 
largest experiment ever undertaken to engage youth from populations underrepresented 
in STEM fields. During the 1990s, the DeWitt-Wallace Reader’s Digest Fund awarded 
grants to 72 institutions to establish programs that would primarily serve teens of color, 
youth from low-income communities, and girls ages 10 to 18.  

Unlike most programs that would last a week or two, or occasionally an entire summer, 
the teens who joined YouthALIVE! were welcome to remain in the program from the time 
they joined (which could be as early as middle school) until they graduated high school. 
A typical program might involve the teens in both attending and teaching afterschool and 
weekend science classes, working in summer camps, serving as exhibit interpreters on 
the museum floor, or helping scientists conduct research. Common factors among 
programs were frequent contact, a club-like atmosphere, dedicated staff with youth 
development experience, and a focus on learning, teaching, and developing a strong 
work ethic and a sense of community (Association of Science-Technology Centers, 
2001). 

Although institutional grants ceased more than 10 years ago, a recent retrospective 
study (Sneider & Burke, 2011) found that the number of youth programs at museums 
and science centers has grown to 163, demonstrating that philanthropic initiatives that 
are thoughtfully planned in collaboration with museums and science centers, meet 
multiple needs, and are based on clear principles can survive and thrive when major 
funding ends. 

Although not all programs have been evaluated, those that have present a remarkable 
record of success at greatly reducing the number of high school dropouts and increasing 
the number of minority youth and girls who choose careers in STEM fields. For example, 
Chi and Snow (2010) conducted a 10-year longitudinal survey of former participants 
from Project Exploration (PE), a nonprofit organization in Chicago that recruits minority 
youth and especially girls to go on field expeditions with paleontologists and to work with 
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visitors in the city’s science museums. The researchers found that 95 percent of the 
respondents have graduated high school or are on track to graduate, nearly double the 
overall rate of Chicago Public Schools. In addition, 61 percent of students currently 
enrolled in a four-year college reported pursuing degrees in STEM-related fields, and 59 
percent of four-year college graduates reported earning a degree in a STEM-related 
field. These findings are especially remarkable since PE recruits students who do not 
necessarily do well in school or who are not initially interested in science. 

A theory of action that helps to explain the success of multi-year programs for youth is 
the Trilogy of Success theory (Jolly, Campbell, & Perlman, 2004), which identifies three 
factors as essential for all students—and especially youth of color, those who come from 
communities of poverty, and girls—to succeed in science: engagement to increase 
student interest and motivation, capacity to gain knowledge and skills, and continuity of 
material resources and guidance by caring individuals. The YouthALIVE! model provides 
all three factors, including the very rare factor of continuity, over a period of several 
years. 

However effective and important such programs may be, they are resource-intensive 
and consequently available to only a small fraction of the many youth who could benefit. 
The next program to be reviewed requires very few resources and could therefore affect 
a great many youth. 

Perceived Relevance: Focus on Introspection 

Hulleman and Harackiewicz (2009) designed a rigorously controlled experimental study 
to determine if personal relevance would affect high school students’ interest in science, 
performance in the course, and interest in science-related careers. The researchers 
based their study on an expectancy-value theory of action that predicted students who 
had low expectations of success in science would benefit more from an intervention that 
increased the perceived relevance of the course than students who had high 
expectations of success, and therefore did not need a motivational boost. 

The study was conducted with the assistance of seven high school science teachers 
from two high schools and 262 students enrolled in biology, integrated science, and 
physical science. Although the notebooks appeared to be the same, half the students in 
each class received notebooks that instructed them to write about the usefulness and 
value of the course material to their own lives, while the other half of the students 
received notebooks that instructed them to summarize the course material. The teachers 
did not know which students received which instructions. 

All students were administered questionnaires about their interest in science and their 
expectations of success at the beginning of the semester. At the end of the semester 
they answered questions about their interest in science and their career aspirations. As 
predicted, the students who had low expectations of success at the beginning of the 
course had significantly more positive attitudes toward science. Students in the 
experimental condition improved their science grades an average of two-thirds of a letter 
grade during the subsequent quarter. The intervention was equally effective for boys and 
girls and for students of all races. In contrast, there were no significant pre-post 
differences for students who entered the course with high expectations.  

The researchers noted that this degree of improvement for students who were most in 
need was comparable to other social-psychological interventions aimed at reducing the 
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back-white achievement gap. In contrast with the high cost of multi-year programs that 
could serve relatively few students, having students occasionally write about how the 
course they are taking is relevant to their lives is a low-cost and easily implemented 
intervention that could be implemented by any teacher in either formal or informal 
science education settings. 

DEDUCTIVE APPROACHES: EXPLORATIONS LEADING TO THEORIES OF ACTION 

Each of the studies reported above tested a specific intervention that followed logically 
from a theory of action. Consequently they each exemplified a deductive approach to the 
science of motivation. An alternative approach is inductive—to explore the results of 
many different programs, look for positive effects, and formulate theories about why the 
effective ones work and the ineffective ones don’t. The advantage of an inductive 
approach is that the researcher is not limited to testing his or her own hypotheses but 
instead is open to what the data have to say. This paper ends with a brief summary of 
three inductive lines of research that are currently ongoing. 

Longitudinal Studies of Multiple Programs and Pathways 

Robert Tai and his colleagues, based at the University of Virginia, have taken an 
approach similar to the earliest researchers in the field. They interviewed 116 scientists, 
engineers, and graduate students in STEM fields to find out what influenced them 
(Maltese & Tai, 2010). Consistent with the findings of the Royal Society study in 1874, 
interest in science began very early. The majority (65 percent) reported that their interest 
in science began before middle school. Women were more likely to say their interest 
was sparked by school-related activities, while most of the men credited activities they 
initiated themselves. The researchers concluded that current efforts to increase our 
nation’s scientific and engineering workforce by focusing efforts on higher test scores 
and encouraging more students to take advanced science courses may be misguided, 
and it may be more important instead to focus efforts on engaging boys and girls in 
science at the elementary and middle school levels.  

In one of the most widely cited research studies on motivation in STEM, Tai, Liu, 
Maltese, and Fan (2006) conducted an analysis of data from the National Education 
Longitudinal Study (NELS). NELS surveyed 24,599 eighth graders in 1988, and followed 
up with surveys of the same youth in 1990, 1992, 1994, and 2000, when the participants 
who were 13 years old in 1988 were 25 years old. The study also collected data on the 
students’ performance on mathematics and science achievement tests. By the end of 
the study period, 3,359 of the youth surveyed in 1988 had obtained four-year college 
degrees. College majors for these students were coded into three broad categories: 
physical and general science, life science, and non-science.  

The eighth grade survey asked the participants: “What kind of work do you expect to be 
doing when you are 30 years old?” Students were given a list of career options and 
asked to select just one. Responses were categorized as with “science” or “non-
science.” Findings were that students who expressed interest in science-related careers 
in eighth grade were 1.9 times more likely to go into the life sciences, and 3.4 times 
more likely to go into physical sciences or engineering than those who chose non-
science career expectations.  

To follow up on the implications of the earlier studies, Tai and his colleagues are 
currently researching the effects of 50 or more different programs aimed at engaging 
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children and youth in science, and in longitudinal studies that connect the dots between 
early engagement and later achievement and career choices. 

The Science Learning Activation Lab 

Rena Dorph and colleagues at the Lawrence Hall of Science, UC Berkeley, have 
undertaken an ambitious program to determine how to activate children’s interest and 
persistent engagement in science learning and inquiry (Dorph, Schunn, Crowley, & 
Shields, 2011, p. 16). Noting that nearly all research on this important topic is confined to 
specific programs or takes place within limited categories of science setting (schools, 
museums, afterschool programs, etc.), the purpose of the Science Learning Activation 
Lab is to investigate the features of excellent science education that apply across 
settings. In an effort to identify measurable outcomes, the researchers identified the 
following dispositions that together describe a science-activated learner: curiosity, 
motivation, responsibility, persistence, science capability, identity, appreciation, and 
interest in science. A major goal of the Science Learning Activation Lab is to develop a 
valid and reliable battery of test instruments to measure all eight constructs.  

These lines of research will come together in a series of coordinated longitudinal studies 
to provide valid, reliable, and predictive measures of dispositions that signify activated 
science learners, and features of educational programs that foster those dispositions. 
The researchers will use both quantitative and qualitative research methods to study the 
features of effective educational interventions in a variety of different settings, and the 
various pathways through different settings taken by individuals on their way to 
becoming activated science learners. 

The Synergies Project: Investigating Science Motivation in Situ 

Falk and Dierking at Oregon State University have undertaken a study of how the full 
spectrum of formal and informal learning experiences affect individuals’ interest and 
engagement in science during the critical years between fifth and eighth grade. The 
researchers have identified the Parkrose School District, a large neighborhood with its 
own school district in Portland, Oregon, as the unit of study. The research method will be 
to study a single cohort of about 300 children as they attend school, take part in activities 
outside of school, go on field trips with their families, watch television, and all of the 
experiences that the children are typically exposed to. The children will be interviewed 
individually, as will their siblings, parents, and friends. Local formal and informal science 
educators will also be interviewed to understand their goals and the kinds of programs 
they offer. In all, about a thousand people will be interviewed, and a focal group of about 
50 children will be interviewed several times during the course of the study. A unique 
element of the study is to engage some of the high school participants in collecting and 
offering their own hypotheses about the factors that contribute to motivation in STEM.  

WHAT HAVE WE LEARNED IN A CENTURY OF RESEARCH? 

This has only brushed the surface of an extensive and multifaceted body of literature on 
how to motivate youth to engage in STEM-related activities, courses, and careers. 
Consequently, it does not serve the purpose of an extensive review of the literature, 
such as those provided by Ormerod in 1975, or Osborne in 2003. Nonetheless, some 
consistent findings are apparent: 

 Attitudes are malleable. Thousands of studies how demonstrated that a wide 
variety of interventions can increase young people’s engagement, interest, and 
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career aspirations in STEM fields. These studies have ranged across a wide 
variety of formal and informal settings, with boys and girls of various ages, from 
different ethnic and cultural backgrounds. 

 The critical period for influencing students is between 8 and 13 years old. 
Perhaps the most consistent finding throughout the century is that people who 
eventually succeed in STEM careers developed their interest early in life. Formal 
and informal programs to increase interest and engagement in elementary and 
middle school have been very successful, and the current focus on test scores at 
all age levels may be counterproductive. 

 Young people like science—though not necessarily in school. Osborne’s 
extensive review (2003) highlighted findings that the great majority of boys and 
girls like science and related fields but are turned off by poorly taught courses in 
school, especially high school physics. So even if they come to high school with 
high hopes of engaging in a pathway leading to a career in science or 
engineering, young people can discouraged by a negative high school 
experience. 

 Teachers, teaching methods, and curriculum can make a difference. 
Whether in formal or informal settings, knowledgeable and skillful teachers have 
tremendous power to get kids interested in STEM. Teaching methods that 
succeed in tapping students’ personal interests and engaging them at a deep 
level (“flow”) can be very effective in increasing the pool of science-interest 
learners. 

 A diversity of research methods is needed for further progress. Educational 
research can be sliced and diced in a variety of ways, such as qualitative vs. 
quantitative, formal vs. informal, evaluation vs. research, etc. We have used the 
distinction between deductive vs. inductive approaches to illustrate two very 
important and valuable approaches that ask different research questions. 
Deductive approaches start with a theory of action for how to motivate youth, and 
ask, “Which interventions are most effective?” Inductive approaches begin with 
existing interventions and ask, “What theories of action can best explain why 
some youth become motivated science learners and others do not?” The two 
approaches are complementary, and together help to ramp up the quality of 
STEM education programs—provided that communication among researchers, 
practitioners, and policy makers is effective and timely. 

Given what is at stake—the scientific and technological literacy of our population, and 
the future of our nation’s technical workforce—it is important that we pay attention to 
findings from the full range of prior studies, think deeply about the kinds of research that 
still need to be done, and communicate effectively both within the research community 
and with those who are well positioned to put these findings (incomplete though they 
may be) to work by improving practice and formulating national policy. 



  

Education Development Center, Inc.  Page 19 of 89 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

CONVENING ACTIVITIES AND OUTCOMES 

EMERGING RESEARCH AREAS WORKING GROUP 

The Emerging Research Areas working group met to identify key aspects of youth 
motivation for which there are gaps in the currently available research and that would 
benefit from further study. The group’s recommendations covered six areas: 

 Individual vs. group dynamics 

 Socio-cultural factors 

 Barriers to motivation 

 Learning environments 

 Sustaining motivation 

 Biological and neurological factors 

Each is discussed in detail below. 

Individual vs. Group Dynamics 

The group wrestled with the notion that motivation is a very individual construct. How, 
then, do researchers use what is understood about motivation at the individual level to 
engage groups of individuals, as is necessary in education? Recommendations included 
examining the effect of peers—communities of practice, of sorts—on each other and on 
their ability to create, raise, and/or reduce motivation levels. In addition, there is a need 
to better  understand the impact of pedagogical practice, environment, culture, and other 
features of context as they impact motivation in individuals and groups. Issues of scale 
also require further study related to “expanding” motivational theories and applying them 
to widely distributed students or large numbers of youth (for example, online groups). 
What does motivation look like in these ultra large-scale environments?  

The group discussed the notion of communities of practice and their relationship to 
motivation—what motivates individuals to participate in STEM as part of a group, in 
terms of the benefits, costs, and risks of participation? What factors motivate continuing 
membership and/or contribute to declining membership or withdrawal? Also warranting 
further research is a better understanding of the ways in which communities of practice 
enable people from diverse backgrounds to develop a common culture, and, in so doing, 
what the associated risks or costs are to individual identity, if any. Finally, additional 
research is needed to understand the similarities and differences between online and 
face-to-face communities of practice and how motivation is manifested and sustained in 
these different environments.  

Socio-Cultural Factors  

The group discussed the historical, social, cultural, and racial/ethnic influences on 
interest in STEM and their relationship to motivation (interest, engagement, persistence, 
goal-setting, etc.). Specifically, five areas were identified that would benefit from future 
study:  

 STEM identity development for underrepresented groups: What is the impact 
of role models on group members’ identity development and motivation, their 
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sense of belonging, and their identity and self-perception related to STEM? What 
is the best way to develop collective efficacy in underrepresented groups?  

 Gender roles and expectations within STEM: This area requires deeper study, 
including an unpacking of gender stereotypes related to STEM, challenging 
notions of “male dominance,” looking at developmental changes in interest, and 
examining gender-specific interventions that impact motivation.  

 How various socio-cultural factors interrelate and affect youth’s motivation 
in STEM: Combinations of factors to consider include race and gender, and 
gender and SES.  

 Culturally relevant research methodology: Considering how culturally relevant 
theories (e.g., critical race theory, feminist theory) relate to motivation theory and 
research, identifying appropriate and culturally relevant methods (e.g., qualitative 
approaches that highlight the voices of underrepresented groups), and 
understanding to what extent authentic and contextualized learning experiences 
impact motivation is an emerging and important area of study.  

 The culture of youth and childhood: What is the role of youth/early childhood 
culture in motivation research? How do youth understand and define motivation? 
Addressing questions such as these would help motivation researchers develop 
theories that are less broad and more relativistic. 

Barriers to Motivation 

Barriers to motivation were explored in terms of understanding what these are, how to 
account or accommodate for them and, where possible, how to minimize or eliminate 
them.  

Students have a variety of perceptions of STEM relative to their self-perceived abilities 
(e.g., “I cannot memorize well so I cannot be successful in STEM”), both accurate and 
inaccurate. Factors around how intelligence is conceptualized by youth, and the barriers 
those factors present, warrants further study. Other barriers to motivation discussed 
included the personal costs and risks associated with engagement in a STEM field (e.g., 
the amount of time required for study and preparation). The use of deficit models was 
discouraged, as they can in fact negatively impact student motivation. Instead, what is 
needed is a deeper understanding of what skills and interests students do possess and 
then using those as a means to motivate them in other areas. To this end, ethnographic 
studies that investigate obstacles for students in STEM were recommended to elucidate 
the structural, cultural, and institutional obstacles to motivation and to determine whether 
these are issues of motivation or access. Studies, for example, might examine the 
intersection between interest, expertise, motivation, access (to information or resources), 
perceptions of self and the field, identity, and institutional culture. 

Learning Environments 

Attendees discussed the role and impact of learning environments on youth motivation, 
including understanding similarities and differences between formal and informal settings 
and how transitions between these settings impact student motivation. The group 
discussed non-coursework activities, such as participation in clubs and sports, and their 
impact on motivation—that is, what are the affordances of different experiences, 
separately or in combination, for building STEM motivation? Another area warranting 
further study is the role of creative play, imagination, and invention in problem-solving 
and the degree to which creativity is fostered in different learning environments. Finally, 
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the notion of performance requirements—for example, students debriefing after 
activities, delivering oral descriptions of their work, participating in mentoring activities, 
formulating new projects, and developing videos or other multimedia projects—and the 
effect of these requirements on motivation was examined. How do we support and 
maintain motivation in different cultural and social environments, and how do we change 
those environments to positively impact motivation? 

Linked to the notion of learning environments is the role of technology in those 
environments and its impact on youth motivation. Attendees discussed the need to 
better understand various types of technology and its benefits for different populations, 
and how technology can be best leveraged to connect youth with STEM professionals 
and mentors. Also important for further consideration is the linkage between technology 
and self-determination theory in relation to the different impacts of digital vs. in-person 
relationships.  

Sustaining Motivation 

On the topic of sustaining motivation, several areas warrant further study. Key is the 
notion of developing motivational momentum—movement from situational interest to the 
development of individual interests. One useful model for conceptualizing this area is 
Hidi and Renninger’s (2006) four-phase model of the development and deepening of 
learner interest: triggered situational interest, maintained situational interest, emerging 
(less-developed) individual interest, and well-developed individual interest. Much 
discussion took place related to how programs and initiatives can move beyond the 
initial triggers of motivation to sustaining real interest among participants, and what 
continuity and support structures are needed to sustain well-developed interest. 
Attendees also questioned what is needed to support and maintain motivation in 
different cultural and social environments, and how those environments can and should 
be changed in order to positively impact motivation. Additionally, research is lacking on 
how motivation triggered in STEM programs is manifesting itself in other domains and 
learning contexts. Finally, the issue of value beliefs vs. competence beliefs was 
explored, with most participants considering value beliefs to be better predictors of future 
achievement. The group stressed the importance of understanding and articulating the 
value of science and STEM careers with students, teachers, and parents, and the need 
to further study the impact of understanding this value on youth motivation.  

Biological and Neurological Factors 

A final area of discussion was related to competence and agency over the lifespan. 
Individuals experience many changes in self-perception and motivation as they age and 
change biologically and neurologically. Additional research in this area would be very 
beneficial to the field. 

In addition, the group identified a series of ‘future’ research questions in these emerging 
areas, including: 

 What is the influence of role models on people’s self-perceptions of their ability 
and potential in the STEM field? Are role models useful? 

 How do students’ identities around ability shape their responses to mentors or 
role models?  

 How do we shift people’s perceptions by encouraging and celebrating students’ 
strengths in both formal and informal learning environments? 
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 Does exposure to different or contrary models of success influence people’s 
perceptions of ability? If so, what are the mechanisms that make this work? How 
does this happen? 

 What is the relationship between students’ long-term motivations (and visions of 
possible selves) and their current choices? 

 What is the impact of success or failure on students’ long-term motivation and 
future pathway? 

 How do students’ beliefs about intelligence shape their responses to success or 
failure? Conversely, how are their beliefs shaped by these responses? 

 How do students understand the implications of success or failure on their future 
pathway? How does this intersect with their beliefs about intelligence, how they 
perceive the world, and how they are motivated? 

 What do students perceive as being important in terms of actually achieving or 
sustaining their future goals and selves? 

RESEARCH METHODOLOGIES WORKING GROUP 

Over the course of the two-day Convening, this working group addressed the issue of 
cultivating new research around STEM motivation for underrepresented youth from a 
number of different angles and came to the following list of recommendations: 

 Build on existing best practices 

 Consider nontraditional methods 

 Use technology 

 Focus on dissemination 

 Clarify definitions 

 Continue to identify and address challenges and questions 

Each recommendation is discussed in detail below. 

Build on Existing Best Practices 

Participants recognized that all good research needs to build on what has come before 
and that a careful review of existing methods, and perhaps even existing data sets, is a 
critical base for designing new research. Three sources were noted: 

 Center for the Advancement of Informal Science Education website 
(www.informalscience.org), which offers resources for researchers 

 Existing data sets, such as national data from the National Center for Education 
Statistics, or the 2010 Federal STEM Education Inventory Data Set 

 ITEST LRC’s online STEM education instrument database 
(http://itestlrc.edc.org/STEM_education_instruments)  

Another element of building on best practices is alignment: Research methods need to 
be aligned with research questions, the phase of the field of research, the phase of the 
study, and the analysis used. Mixed methods are appropriate in some situations, but, 
again, the methods should be carefully tailored to the research questions. 

http://www.informalscience.org/
http://itestlrc.edc.org/STEM_education_instruments
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The group also discussed the specific reasons for using qualitative, quantitative, or 
mixed methods and why each method might be used. Qualitative methods can provide 
new and generative data, they are important during the descriptive phase of the study 
cycle, and they are better with small samples. However, there are tradeoffs; these 
methods are time-intensive at both the data collection and the analysis phases, which 
can make them more expensive; there can be a tendency to quantify the results, which 
can lose the richness of the data; and it can be challenging to find journals that will 
publish purely non-quantitative results. In addition, because policymakers and funders 
expect quantitative findings, researchers may need to shift their mindsets. Mixed 
methods can offset some of these tradeoffs by providing a balance of quantitative and 
qualitative, and thus more compelling results.  

Finally, members of the group suggested that using the lens of evaluation can contribute 
to the authenticity of research by keeping the focus on questions that are of direct 
relevance to practitioners. 

Consider Nontraditional Methods 

Concurrent with the recommendation of building on existing best practices, the group 
recommended that nontraditional research methods should also be considered at the 
research design phase. One suggestion was to move away from variable-centered 
approaches and toward more person-centered and system-based approaches, for 
example: 

 Participatory action research 

 Virtual performance assessment 

 Real-time log file ratings  

 Scanlan Collaborative Interview Technique  

 Creating “motivation typologies” and conducting a form of cluster analysis 

 Micro-analysis of 30 minutes of collaborative interactions 

 Real-time data, rather than Likert scales  

 Artifact analysis 

 Participant-collected data 

 Having youth collect data via “smart” devices (e.g., PhotoVoice, video 
ethnography) 

 Co-generative dialogues 

 “Scoop Notebooks” (a term referring to binders of artifacts and materials 
characterizing classroom practice [Borko, Stecher, & Kuffner, 2007]) 

The group’s discussion of nontraditional methods culminated in the following 
recommendations: 

 Use versatile, authentic, real-time methods of data collection to account for 
differences in culture and context 

 Broaden the notion of outcomes and how we define them 

 Reflect on how researchers, as outsiders, successfully develop rapport with 
participants  
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 Engage marginalized communities by using co-generative dialogues and 
involving participants in research design, collection, and analysis 

 Engage practitioners at all stages of the research 

Use Technology 

The use of technology needs to be dynamic and responsive to its ever-evolving nature. 
There are basic changes, such as including website URLs in written documents or 
journal articles, to make connections to the broader information field. Technology also 
now plays a critical role in methodology and data collection. New technologies can be 
used to expand how we work with students and to gather information about their 
experiences. Currently available technologies include the following: 

 Video-based case studies 

 Virtual environments 

 Tablet computers such as iPads for on-the-go data collection 

Technology should also be used to improve connections and collaboration between 
researchers, to dialogue and exchange information and resources, and to improve 
dissemination to broader audiences and in more diverse formats. 

Focus on Dissemination 

All researchers share the challenge of having the dissemination aspects of their 
research often get less attention than other aspects. Participants noted the importance 
of using multimedia tools (such as interactive webinars) for dissemination to both 
traditional and new audiences. There was also a general interest in obtaining more 
funding to analyze, write, disseminate, and present findings.  

The group engaged in discussion of expanding dissemination to audiences beyond 
researchers. For example: 

 Research to practice: How can research impact practice? (As there was a 
separate group at the Convening addressing this issue, the Research 
Methodologies working group did not pursue it further.) 

 Research to policy: How can research results be disseminated more effectively 
to policymakers?  

 Research and funders: Dissemination to funders was seen as the biggest 
challenge to research methodologies. Not surprisingly, funders want to see 
impact. Researchers face the challenge of meeting this need when research 
designs (e.g., case studies) and research questions do not lead to conclusions 
about impact.  

Clarify Definitions 

The conversation about nontraditional methods of research led to a discussion about the 
need to clarify, and perhaps expand, definitions of key terms. For example, the group 
suggested that the notions of outcomes, inputs, and program characteristics could be 
broadened and redefined. Another suggestion was to more explicitly specify how to 
measure culturally responsive pedagogy for specific groups of students (e.g., African 
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American vs. Latino or Latina vs. Native American). There was also an interest in 
articulating variables (e.g., race, gender, context, content) more clearly. 

Research is difficult to conduct when constructs are not clearly defined and 
measureable. The working group identified a number of constructs that need better 
definition and means of measurement, for example: 

 Identity 

 Belongingness 

 Confidence 

 Self-efficacy 

 Hope 

 Empowerment 

 Affect  

 Interest  

 Competence beliefs vs. value beliefs 

 STEM careers (specifically, what constitutes a STEM career) 

 Technology (a definition that also accounts for rapid changes in technology) 

 Culturally responsive pedagogy for specific groups of students 

Other issues raised around definitions include the consideration of units of analysis: 
Should motivation be defined differently depending on the unit of analysis? Is individual 
motivation defined differently from group or school motivation? What about family? What 
about constructs such as program change? 

Given the long list of constructs that need to be defined, the group considered whether 
motivation is too large of a construct to measure, with too many theories and too many 
definitions. If motivation includes identity, confidence, self-efficacy, hope, and perhaps 
empowerment, should components actually be measured separately? And then in what 
combination do they become motivation? A suggestion was made to focus on sub-
constructs and to look at different scales for different sub-constructs. 

The group also talked about the importance of defining the above constructs within the 
context of STEM and technology. There are existing surveys that measure identity well, 
but there are no surveys that measure how technology impacts identity. Similarly, are 
there issues of motivation that are particular to STEM? The group noted that there are 
negative popular representations of STEM—for example, it is culturally accepted to “be 
bad at” STEM; science is associated with rote learning. What is the impact of these 
negative connotations on research about youth motivation in STEM?  

Another question raised was whether there are differences between life sciences, hard 
sciences, and other domains. 

Finally, the group considered the idea of perspective. Given that this Convening focused 
on youth motivation, how would youth define these terms? How would they describe 
what they value in life, and how they perceive STEM careers and pathways? Motivation 
is not static; it shifts over time. Whose knowledge is most valued? 
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Continue to Identify and Address Challenges and Questions 

The group concluded that emerging challenges and questions should be continually 
identified and addressed. Those that emerged during the two-day discussion included 
the following: 

 Feasibility issues: There can be pressure—financial or otherwise—to use certain 
kinds of research methods that are not always appropriate for the research 
question, the sample, etc. For example, surveys are cost-effective, but if the 
sample size is too small, their value is limited and the findings are not valid. 
Aligning the research method with the research question is not always an easy 
task. 

 Another feasibility issue involves measuring what researchers and practitioners 
actually care about, rather than what is easy to measure. In ITEST projects, the 
standard three-year funding cycle makes it almost impossible to conduct 
longitudinal research and follow youth from middle school to high school and 
beyond. Thus, researchers settle for asking a research question that can be 
feasibly answered in a much shorter timeframe. 

 It is difficult to generalize research on motivation. Each project conducts an 
evaluation that describes a certain intervention with a certain population, and 
often research does the same. The unique characteristics of each project and 
each research design limit generalization. 

 There are a number of measurement issues, for example, (1) the lack of 
instruments for assessing mastery vs. assessing growth, (2) the challenge of 
quantifying engagement and interest, which are the precursory steps to 
motivation, and (3) nuances in teachers’ engagement with students, which can 
affect outcomes. 

 How can research address the role of community, family, and cultural context in 
the motivation to learn? This requires defining community, its role, and the 
influence of the project. 

o Projects must begin with place-based elements in order to include cultural 
context in the work 

o The notion of community extends beyond parents and family to include 
school, neighborhood, and other key leaders in the lives of youth (e.g., from 
religious communities or extracurricular activities) 

o We must look at recruitment strategies: where participants come from, and 
how projects recruit them 

o We must also look at the community as the unit of analysis: The community 
serves a capacity-building role 

 What can we learn from what does not work in motivation? One of the white 
papers presented at the Convening pointed out that too often we use a deficit 
model when talking about youth and motivation; instead, we should figure out 
what assets youth have and work from there. 

EVALUATION PRACTICES WORKING GROUP 

The Evaluation Practices working group thought it was necessary to begin its discussion 
by underscoring the differences between evaluation and research in order to clarify the 
different goals of each. Evaluation (1) is undertaken in response to a specific project, (2) 
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often seeks to provide information for decision-making, (3) is stakeholder-focused, and 
(4) is used to make specific recommendations to clients and/or stakeholders. Research, 
on the other hand, is typically designed to be more generalizable and is less focused on 
or limited to a particular project. Research seeks to generate new knowledge, test 
hypotheses, and make recommendations to the field. 

The group’s discussion centered on two areas pertaining to the evaluation of STEM 
programs whose goals are to develop motivation and skills in their youth participants:  

 Issues of measurement in evaluation 

 Practical matters for evaluation of youth motivation in STEM 

This group explored these two areas in depth, identifying specific concerns and 
challenges and suggesting effective strategies to address them. 

Measurement Issues 

The working group acknowledged that given the array of STEM disciplines and 
implementation models in ITEST, there are multiple theories of action across the 
program. Yet there was consensus within the group about the overall goals of the 
program: to develop students’ motivation to pursue STEM careers and to develop their 
knowledge and skills in STEM areas. With this agreement in place, the group discussed 
various issues related to measurement of youth motivation and put forth several 
recommendations toward this end. 

Identifying Appropriate Constructs for Measurement 

The process of identifying appropriate constructs related to youth motivation involves 
determining specific elements that contribute to a youth’s experience. The group 
recommended that research on youth motivation should measure how and to what 
extent learning environments do the following:  

 Provide hands-on experiences for youth 

 Engage youth in projects that are meaningful and give them an opportunity to 
make connections to and explore issues that matter to them 

 Offer learning experiences with practical applications 

 Provide one-on-one interactions and supports 

The group stated that these components should be investigated in both formal and 
informal learning environments in an effort to learn what works and what doesn’t. 
Furthermore, the group thought that data on these elements should be collected from 
various sources, including youth, educators, parents, and community members. They 
stressed that program evaluation often has a slightly different aim from typical research 
efforts, in seeking to determine the social factors that encourage or inhibit youth 
motivation and to then use these findings to inform the development or refinement of the 
program’s design. 

The working group noted other areas where further clarification was needed for accurate 
measurement of youth motivation, in particular, whether existing tools and methods 
measure motivation sufficiently. Any new or different findings from established literature 
should then build on and contribute to the existing research on motivation.  
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The following topics from the discussion suggest areas for further research: 

 Engagement and interest are precursory steps to motivation, but it is difficult to 
accurately quantify these constructs. 

 To what extent should research on motivation focus more on mastery of skills vs. 
growth? Fewer instruments appear to measure growth, and those that do exist 
are often not sensitive enough to measure subtle changes. 

 How should proximal choices, such as AP course-taking, be used as indicators of 
youth motivation? 

 As noted in the white paper authored by Scott, Husman, and Lee (see Appendix 
C, White Paper #3), researchers frequently use a deficit model when talking 
about youth and motivation. The field needs to do a better job of identifying 
youths’ assets and then using them as potential starting points.  

Tools and Methods 

The working group’s discussion on constructs revealed additional needs related to the 
methods and tools used in the field. The group advocated the use of mixed methods to 
gather data on youth motivation, as mixed methods provide more balance than purely 
quantitative or purely qualitative approaches and can often present more compelling 
findings. The group also thought that mixed methods can further inform the field of 
research and evaluation by adding new information to the knowledge on existing 
methods and instrumentation. Still, the group acknowledged that there are some definite 
tradeoffs when incorporating qualitative methods into research and evaluation designs. 
Qualitative research and evaluation requires more time-intensive data collection and 
analysis, is typically more expensive, and challenges funders’ and policymakers’ 
expectations for quantitative results. On the last point, the group believed that it is 
necessary to do more work in educating stakeholders and raising their awareness and 
understanding of the value of using a range of research and evaluation techniques to 
gather data to demonstrate impact. 

The group noted that while traditional evaluation tools and methods are useful for large-
scale assessment, such approaches may not be able to capture nuances and other 
elements that are important for measuring youth motivation. Moreover, there were 
concerns that traditional tools and methods are not always relevant to the populations 
served through programs such as ITEST. Although programs that aim to expand 
opportunities for populations that are traditionally underrepresented in STEM deliberately 
develop and use culturally relevant practices to engage these groups, there is a 
disconnect when researchers or program evaluators use traditional approaches that are 
not culturally relevant or sensitive to the context. Effective nontraditional and culturally 
relevant approaches drawn from participants’ own work include the following: 

 Taking a systems approach by examining the systems that affect a child and 
learning 

 Using reciprocal evaluative strategies, such as a participatory action research 
framework, to involve stakeholders, especially youth, in the design and 
implementation of the research and evaluation 

 Capturing data through nontraditional tools and protocols, such as asset maps, 
peer-to-peer conversations, and social media 
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The group again emphasized the importance of building on existing literature to further 
this work. They mentioned two recent studies relevant to ITEST: Promoting STEM 
Career Interest in the Classroom: An Exploratory Study Linking Teacher Professional 
Development with Changes in Teaching Practices, an ITEST-funded research study that 
explores the impact of teacher STEM-focused professional development on teaching 
practice, and the ITEST program evaluation that is being conducted by SRI International. 
There was interest in learning more from these endeavors with an aim of informing not 
just the group members’ own research and evaluation practices, but also disseminating 
findings to the broader STEM education field. 

Practical Matters for Evaluation 

The second major topic that the Evaluation Practices working group discussed was the 
practical matters that are not just limited to investigating youth motivation, but have also 
surfaced in group members’ personal experiences with evaluating STEM education 
programs—namely, engaging stakeholders, process vs. outcomes, fidelity and 
replication, and the role of the evaluator. 

Engaging Stakeholders 

While working closely with the project team helps to ensure seamless integration 
between the project’s implementation and its evaluation, when possible it is ideal to 
involve other stakeholders in this process as well. The working group agreed that an 
important first step in conducting an effective evaluation is involving essential 
stakeholders, such as youth, parents, educators, and community members, in the design 
and implementation of the evaluation (see Figure 1). Members noted that community 
includes school, the neighborhood, and key leaders in a young person’s life, such as 
religious leaders or peers or adults with whom youth interact in extracurricular activities. 
These stakeholders are important sources of data for explaining what motivates youth.  

Figure 1. Examples of how to engage stakeholders in evaluation design and 
implementation 

Stakeholder Group 

Educators Youth Parents Community 

 Ask educators what 
motivates youth 

 Ask youth what 
motivates them 

 Actively engage 
youth in authentic 
evaluation practices 

 Design instruments 
that help youth 
reflect on their skills 

 Embed assessment 
in project activities, 
artifacts, or games  

 Ask parents about 
the impact of the 
project on students 

 Use project 
activities (e.g., a 
take-home 
challenge) to 
provide fun and 
engaging ways to 
embed assessment 

 Use project 
activities (e.g., 
student 
presentations) as 
an opportunity to 
collect data from 
parents 

 Look at recruitment 
strategies: where 
participants come 
from, how projects 
recruit 

 Look at the 
community as a unit 
of analysis 

 
Group members also found it valuable to share the evaluation findings with 
stakeholders. Sharing findings in different formats and presentations serves different 
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purposes. For example, sharing findings with youth and educators helps to establish 
important feedback loops and fosters reciprocity. Presenting findings to families and 
community members in casual social settings (e.g., one individual holds a “data party”) 
helps fulfill programmatic goals related to engaging parents and other adults in a youth’s 
sphere of influence.  

Process vs. Outcomes 

While the working group acknowledged the need to evaluate both process and 
outcomes when investigating the effectiveness of an intervention, they agreed that this 
presents a number of challenges. When evaluating a project’s implementation process, it 
can be difficult to find appropriate standardized measures. Often the evaluator and 
project team are faced with customizing data collection tools and methods to fit their 
circumstances. Standardization is also a concern when assessing outcomes. The group 
noted that at the federal level there is particular interest in providing quantifiable data 
and results to represent program-wide outcomes—and inherent pressure to do so. The 
extent to which the project-level outcomes adhere to and align with funders’ designation 
of program-wide goals presents challenges for evaluators and project teams. Evaluating 
a project’s ability to impact youths’ motivation presents challenges under any 
circumstances and is even more difficult when looking across a program such as ITEST, 
which represents a wide range of STEM disciplines, implementation models, and 
outcomes. 

Fidelity and Replication 

In response to the discussion about the desire for program-wide evidence of impact, the 
working group discussed issues related to evaluating a project’s fidelity of 
implementation and potential replication. A potentially important project-level outcome is 
determining whether, and under what circumstances, the project can be replicated or 
scaled up—yet, this type of evaluation presents specific challenges. The working group 
noted that it is difficult to generalize research on motivation because each project-level 
evaluation describes an intervention with a certain population and under particular 
circumstances. From a programmatic perspective, the local needs and contexts are not 
easily replicated or scaled up—and in some cases, it may not be advantageous to do so.  

Role of the Evaluator 

The final discussion point about using inclusive frameworks focused on role of the 
evaluator. The working group acknowledged that evaluators range on a continuum from 
“reporting just the facts” to “being a change agent.” Where an evaluator is on this 
continuum will determine the type of evaluation conducted. The group agreed that the 
most effective evaluators provide “guiding principles” rather than “action steps.” 

RESEARCH-TO-PRACTICE ISSUES WORKING GROUP 

The Research-to-Practice Issues working group focused on the relationship between 
research and practice—including the barriers to collaborative efforts in data collection 
and dissemination. Underlying this group’s discussion was the more general theme of 
addressing the need to involve multiple stakeholders in all aspects of research, because 
partnerships help to both support and advance STEM education. The working group’s 
overarching questions included the following:  

 How do we break through systemic barriers to translating motivation research 
into practice?  
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 Who are the drivers of systemic change?  

 How do we foster effective collaboration?  

Identifying and Partnering with Key Stakeholders  

In order to be both accurate and effective, research necessitates collaboration with 
various stakeholders. The working group identified several stakeholders who are key to 
bridging the motivation research-to-practice cycle: youth, formal and informal educators, 
parents and other family members, business and industry leaders, and policymakers. 
Each key stakeholder is discussed in more detail below.  

Youth  

Youth have the potential to play an important role in the design and implementation of 
research initiatives by providing researchers with a deeper understanding of the contexts 
within which research is being carried out. The working group argued that researchers 
often cannot fully understand the changing landscape of classrooms and informal 
learning environments without involving youth perspectives. Also, when involved in such 
initiatives, youth may lend credibility to the research (and the researchers) in the eyes of 
youth participants who are the subjects of study.  

Formal and Informal Educators  

These stakeholders have a tendency to dismiss or distance themselves from the 
research, though whether this is due to some inherent mistrust between the practitioner 
and the research community, or is merely an issue of context, or is related to 
differentiated instruction and learning styles (i.e., my school/classroom/program/students 
are different) is highly debatable. The working group stressed the importance of showing 
practitioners how they themselves, in fact, are also researchers—continually collecting 
and analyzing data from which they construct knowledge. In addition, educators mediate 
the many messages that students receive from society, media, and the general social, 
cultural, and political milieu related to stereotypes around who can be successful in 
STEM. As such, educators would benefit from guidance from the research community on 
how to help young people make meaning out of their formal and informal learning 
experiences, internalize the positive messages about their abilities and jettison the 
negative ones, and challenge societal stereotypes.  

Parents and Other Family Members 

Adults of significance need to know more about the role they play in motivating the 
young people in their lives. These adults can play a powerful role in challenging 
stereotypes perpetuated by peers, mass media, and society at large. They are also 
critical in their ability to reinforce the need for and importance of STEM careers and the 
educational pathways required to achieve success in STEM fields. At the same time, not 
enough is known about the required “dosage” of information necessary for parents to 
inform or change their perspective on these issues. In addition, parents may trust that 
the school will essentially address everything their children need, or parents may not 
necessarily know how best to advocate for their children’s needs. Clearly, educators 
face a number of barriers when working with parents and families, such as insufficient 
time and resources, parental inexperience with evaluating high-quality educational 
experiences for their children, and youth’s discomfort with parental involvement. A better 
understanding of how to overcome these obstacles is key to the research-to-practice 
cycle.  
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Business Leaders and Policymakers 

The working group discussed the importance of these stakeholders. Some business 
organizations have set up their own educational outreach initiatives, as a means of 
growing their own employment pipeline. Further research is needed to determine if there 
are successful research-practice models in the business world that could be adapted 
and used in educational settings. Similarly, for policymakers, research needs to be 
practical and easily applicable to their work. 

Challenges to Dissemination and Outreach  

The group discussed a number of challenges: 

 There is a need to develop clear, concise, research-based, and actionable 
“messages” and to work with stakeholders in crafting them. The challenge is to 
retain the integrity and rigor of the research underlying the messages in this 
process.  

 Funding streams and cycles play a role in dissemination and present challenges 
in terms of what information becomes available to different audiences. For 
example, researchers are typically rewarded for their contributions to the broader 
research field, rather than for addressing issues of practice and applicability.  

 Additional work is needed to identify mediators who can disseminate information 
to a wider audience (i.e., beyond other researchers) and to develop a structured 
process for doing so.  

 Professional development should be offered to researchers to enable them to 
translate their own research for consumption and action by different 
stakeholders.  
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CONCLUSION AND RECOMMENDATIONS 

In conclusion, the Convening’s two overarching questions: (1) What is currently known 
about motivation around STEM for underrepresented youth? and (2) What can be done 
to cultivate new research on STEM motivation for underrepresented youth?, served to 
help illuminate a future research agenda for youth motivation in STEM that builds on the 
rich history of the field as evidenced by Sneider’s paper. 

Several of the convening’s overarching findings cut across the four thematic working 
groups.  Common findings include involving youth in research design, as well as an 
emphasis on the need to re-conceptualize research and evaluation in the context of 
ITEST projects.  Youth bring a valuable voice to the discussion and are able to articulate 
in practical terms the variances in factors that motivate them, and in some cases 
diminish motivation in themselves and their peers, the barriers they face (real or 
perceived), and the differing ways formal and informal learning environments can impact 
motivation.  

Common methodological suggestions included considering non-traditional research 
methods, better employing technological tools, and a careful defining of terms and 
constructs within the field of youth motivation.  Also consistent across the groups was 
the acknowledgement of the importance of collaborating with existing and new 
stakeholders in new ways, in order to break through systemic barriers and to foster 
effective collaboration among key stakeholders in the research-to-practice cycle. 

It is hoped that the results of the convening and this report will help in addressing some 
of these issues both within the ITEST program portfolio and beyond.  
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APPENDIX A: THE ITEST PROGRAM 
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APPENDIX B: CONVENING AGENDA 

Friday, September 9 
9 am–3 pm  Youth Pre-Convening Activities 
5 pm  CONVENING BEGINS 

Welcome & Introductions 
  Remarks by EDC & NSF 
5:30 pm  Learning Science Panel 

How People Learn – Implications for Motivation Research 
Moderator: 

Mike Barnett, Boston College 
Panelists:  

Ellen Winner, Boston College 
David Hammer, Tufts University 
Chandra Orrill, University of Massachusetts-Dartmouth 

6:30 pm  Working Reception & Discussions 
9 pm   Discussion Highlights & Reception Ends 

Facilitator: Tony Streit, Education Development Center, Inc. 
 
Saturday, September 10 
7:30 am  Breakfast & Registration Check-In 
8:30 am  Welcome & Overview of Day – Working Group Process & Self-Selection into Groups 
9 am  Motivation Research Panel 

Existing Frameworks and Theories of Action 
Moderator: 

Cary Sneider, Portland State University 
Panelists:  

David Bergin, University of Missouri 
K. Ann Renninger, Swarthmore University 
Jessica DeCuir-Gunby, North Carolina State University 

10 am BREAK 
10:15 am White Paper Presentation – What Role Does Community, Family, or Cultural 

Context Play in the Motivation to Learn?  
Moderator 

Sarita Pillai, Education Development Center, Inc. 
Presenters:  

Robert Coulter, Missouri Botanical Garden, “Building Engagement With 
Technology-Enhanced Local Learning” 
Edna Tan, University of North Carolina, “Becoming Community Science Experts 
in Green Energy Technologies” 

Discussants:  
Jessica Summers, University of Arizona 
Maryann Stimmer, Educational Equity Center @ FHI360 

11:30 am Working Group Discussions (Group 1 – Emerging Research Areas,  
Group 2 – Research Methodologies, Group 3 – Evaluation Practices, Group 4 – 
Research to Practice) 

12:30 pm Lunch 
1 pm  Youth Presentation—Reflections on Program Experiences  
1:45 pm BREAK 
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2 pm  Research & Evaluation Panel 
  Methodologies & Measurement – Successes, Challenges & Strategies  

Moderator: 
Joyce Malyn-Smith, Education Development Center, Inc. 

Panelists:  
Beverly Parsons, InSites 
AnneMarie Conley, University of California–Irvine 
Caroline Parker, Education Development Center, Inc. 

3 pm Working Group Discussions (Group 1 – Emerging Research Areas,  
Group 2 – Research Methodologies, Group 3 – Evaluation Practices, Group 4 – 
Research to Practice) 

4 pm  Working Groups Report Out – Highlights & Key Points 
5 pm Bus Departs for Visit to MIT (Chandra X-Ray Observatory & Youth Exhibits) 
 
Sunday, September 11 
7:30 am  Breakfast 
8 am  Welcome & Overview of Day 
8:30 am White Paper Presentation – What Specific Programmatic Aspects Have the 

Greatest Impact on Youth Involvement in STEM Beyond ITEST?  
Moderator: 

Catherine Wong, Boston College 
Presenters:  

Jason Chen, Harvard University, “Youth STEM Motivation: Immersive 
Technologies to Engage and Empower Underrepresented Students” 
Kimberly Scott, Arizona State University, “Motivation and Culturally Responsive 
Technology for COMPUGIRLS” 
Preeti Gupta, New York Hall of Science, “Motivating Youth through Authentic, 
Meaningful and Purposeful Activities: An Examination through the Lens of 
Transformative Activist Stance” 

Discussants: 
Tirupalavanam G. Ganesh, Arizona State University 
Jeff Buehler, Missouri Afterschool Network 

10 am BREAK 
10:15 am Youth Presentation – Beyond ITEST  
11 am  Working Group Discussions (Group 1 – Emerging Research Areas,  

Group 2 – Research Methodologies, Group 3 – Evaluation Practices, Group 4 – 
Research to Practice) 

12 noon  Lunch 
1 pm Working Groups Final Recommendations – Framework Development & 

Collaborative Opportunities 
Moderators: 

Sarita Pillai & Tony Streit, Education Development Center, Inc. 
2 pm  Concluding Remarks  
2:30 pm  CONVENING ENDS 
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Youth STEM Motivation: Immersive Technologies to Engage and Empower 

Underrepresented Students 

 

There is no learning without engagement, a situation that happens all too often in our 

typically lecture-based classrooms. At the same time, engagement without learning, which 

frequently happens in today’s digital worlds, is not a healthy alternative. Some claim that online 

gaming is one answer to engaging and motivating students in their academic work. Yet, students 

can frequently be engaged in these virtual worlds without actually learning anything or being 

more academically motivated.  

In this white paper we describe a project underway at Harvard’s Graduate School of 

Education in which we are designing innovative technological environments that draw from 

theories of motivation to support and augment the engagement and motivation of students in 

Grades 5-8 mathematics. First, we outline Bandura’s (1986) social cognitive theory. Next, we 

describe facets of our project that utilize this theoretical framework. Finally, we describe areas 

for further research and pose questions with the hope that they stimulate productive discussion 

among the scientific and educational community.  

Social Cognitive Theory 

Social cognitive theory is rooted in a view of human agency in which individuals are 

agents proactively engaged in their own development and can make things happen by their 

actions. They are “partial architects of their own destinies” (Bandura, 1997, p. 8). Key to this 

sense of agency is the fact that, among other personal factors, individuals possess self-beliefs that 

enable them to exercise a measure of control over their thoughts, feelings, and actions, that “what 

people think, believe, and feel affects how they behave” (Bandura, 1986, p. 25). Bandura (1986) 

provided a view of human behavior in which the beliefs that people have about themselves are 

critical elements in the exercise of control and personal agency. Thus, individuals are viewed 

both as products and as producers of their own environments and of their social systems. 

Because human lives are not lived in isolation, Bandura expanded the conception of human 

agency to include collective agency. People work together on shared beliefs about their 

capabilities and common aspirations to better their lives.  

Rooted within Bandura’s social cognitive perspective is the understanding that 

individuals are imbued with certain capabilities that define what it is to be human. Primary 

among these are the capabilities to symbolize, plan alternative strategies (forethought), learn 

through vicarious experience, self-regulate, and self-reflect. These capabilities provide human 

beings with the cognitive means by which they are influential in determining their own destiny.  

Self-Efficacy Beliefs 

Of all the thoughts that affect human functioning, and standing at the core of social 

cognitive theory, are self-efficacy beliefs, which can be defined as the judgments that individuals 

hold about their capabilities to learn or to perform courses of action at designated levels 

(Bandura, 1997). These self-beliefs touch virtually every aspect of people’s lives—whether they 

think productively or self-debilitatingly; how well they motivate themselves and persevere in the 

face of adversities; their vulnerability to stress and depression; and the life choices they make. 

High self-efficacy also helps create feelings of serenity in approaching difficult tasks and 

activities. Conversely, people with low self-efficacy may believe that things are tougher than 
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they really are, a belief that fosters anxiety, stress, depression, and a narrow vision of how best to 

solve a problem. As a consequence, self-efficacy beliefs powerfully influence the level of 

accomplishment that one ultimately achieves (see Pajares & Urdan, 2006 for a review).  

How Self-Efficacy Beliefs Are Created 

According to Bandura (1997), individuals form their self-efficacy beliefs by interpreting 

information primarily from four sources. The most influential source is the interpreted result of 

one’s previous performance, or mastery experience. Individuals engage in tasks and activities, 

interpret the results of their actions, use the interpretations to develop beliefs about their 

capability to engage in subsequent tasks or activities, and act in concert with the beliefs created. 

Outcomes interpreted as successful raise self-efficacy; those interpreted as failures lower it. 

In addition to interpreting the results of their actions, people form their self-efficacy 

beliefs through the vicarious experience of observing others perform tasks. Watching others 

solve challenging problems and overcome obstacles, for example, can help individuals to believe 

that they too can solve similar problems and overcome obstacles. Schunk and his colleagues 

have shown that coping models—those who struggle through problems until they reach a 

successful end—are more likely to boost the confidence of observers than are mastery models—

those who respond to mistakes as though they never make them (e.g., Schunk, 1987; Schunk & 

Hanson, 1985, 1989). Coping models are especially effective for individuals who have difficulty 

learning, as competent people may perceive themselves as more similar to mastery models. For 

example, struggling math students who watch a peer model struggle through problems but who is 

eventually successful gain much more cognitively and motivationally than if they watch peer 

models effortlessly solve problems with no mistakes.  

Social modeling is especially powerful when people observe a model whom they believe 

possesses similar capabilities as they do. Observing similar others succeed can raise observers’ 

self-efficacy and motivate them to perform the task if they believe that they, too, will be 

successful. Hence, observing the successes of such models contributes to the observers’ beliefs 

about their own capabilities (“If they can do it, so can I”). Conversely, watching models with 

perceived similar capability fail can undermine the observers’ beliefs about their own capability 

to succeed (Schunk, 1987).  

Model similarity is most influential for those who are uncertain about their performance 

capabilities, such as those who lack task familiarity and information to use in judging self-

efficacy or those who have experienced difficulties and hold doubts (Bandura, 1986; Schunk, 

1987; Schunk & Meece, 2006). When people perceive the model’s capability as highly divergent 

from their own, the influence of vicarious experience is greatly minimized. It bears noting that 

people seek out models who possess qualities they admire and capabilities to which they aspire.  

Individuals also create and develop self-efficacy beliefs as a result of the social 

persuasions they receive from others. These persuasions can involve exposure to the verbal 

judgments that others provide. Persuaders play an important part in the development of an 

individual’s self-beliefs. But social persuasions should not be confused with knee-jerk praise or 

empty inspirational homilies. Effective persuaders must cultivate people’s beliefs in their 

capabilities, while at the same time ensuring that the envisioned success is attainable. And, just 

as positive persuasions may work to encourage and empower, negative persuasions can work to 
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defeat and weaken self-efficacy beliefs. In fact, it is usually easier to weaken self-efficacy beliefs 

through negative appraisals than to strengthen such beliefs through positive encouragement.  

Physiological and emotional states such as anxiety, stress, arousal, and mood states also 

provide information about efficacy beliefs. People can gauge their degree of confidence by the 

emotional state they experience as they contemplate an action. Strong emotional reactions to a 

task provide cues about the anticipated success or failure of the outcome. When individuals 

experience negative thoughts and fears about their capabilities, those affective reactions can 

themselves lower self-efficacy perceptions and trigger additional stress and agitation that help 

ensure the inadequate performance they fear.  

Overview of the Project:  

Transforming the Engagement of Students in Learning Algebra (TESLA) 

The overarching goal of this research project is to investigate the relationship between 

specific technology-based activities and students’ motivation in math and interest in pursuing 

STEM careers along a developmental span. To facilitate this research, we are developing a four-

day, classroom-based experience for students in Grades 5-8. After the administration of measures 

connected to our research, the first stage of this experience is a one-day induction activity, where 

the students will participate in one of three technology activities. In the second stage, during a 

two-day mathematics lesson, students will explore mathematical patterns. Students will spend 

the final day by participating in the technology activity again to conclude the experience. 

Students will then complete measures connected to our research immediately after and roughly 

six months after the experience. By varying the technological context of the induction and 

closing experience while holding the instructional component constant at each grade level, and 

by measuring motivation constructs before and after the experience, we can test a series of 

specific hypotheses relating outcomes of interest (such as value beliefs, competence beliefs, 

STEM career interest, and mathematics learning) to activity assignment within grade. 

With the above overview in mind, the following research questions guide our project: 

What is the impact of the 4-day curriculum on students’ math motivation, interest in pursuing 

STEM careers, and math achievement? To what extent is this impact influenced by factors such 

as the type of induction the students received and/or students’ demographic and academic 

characteristics (e.g., gender, race/ethnicity, prior achievement)? And to what extent is this impact 

influenced by teacher-level factors such as teachers’ mathematical knowledge for teaching, 

credentialing in mathematics education, undergraduate major, years of experience, and teachers’ 

beliefs (e.g., teaching self-efficacy)?  

Research Design 

The Technology Inductions 

The capacity of humans to think symbolically and to learn vicariously positions 

technologies like virtual environments as a potentially important tool to bolster the motivation of 

students in math (Chen, Dede, & Zap, in press). To do this we are designing three contrasting 

types of inductions to integrate with a 2-day mathematics curriculum unit, based on 1) student 

immersion in a virtual environment, 2) web-based, teen-friendly, interactive modules that teach a 

Growth mindset, and 3) educational videos. Figure 1 shows screenshots of each induction. We 

are contracting with a team of computer programmers to help design and develop the immersive 
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virtual environments. By collaborating with them, our team of math educators and motivation 

researchers are able to weave the specific math content and motivational goals into the 

immersive environment. Because our goal is not to teach students the mathematics before they 

get to their math lessons, this environment has been designed to be exploratory by nature—

students explore the world, try their hand at the mathematical patterns, and begin to form some 

initial conceptions about how mathematical patterns might work.  

With regard to the second induction, we are working with researchers and developers of a 

web-based interactive module that teaches students about a Growth mindset—the harder you 

work, the more capable you become. These modules are based on the work of Carol Dweck and 

her associates, which have been shown to be quite successful at influencing students’ motivation 

and achievement over a developmental trajectory (e.g., Blackwell, Trzesniewski, & Dweck, 

2007).  

Finally, with regard to the third induction, because we wanted to create an experience that 

would be legitimately used by teachers, and that might represent what a typical teacher might do 

to generate some interest in mathematics, we decided to use a PBS NOVA video that explores 

patterns. The video, entitled Search for the Hidden Dimension, explores the fascinating 

phenomenon of fractals and how they are used in everyday life such as building Smartphone 

antennas and generating visual effects in movies.  

Because the bulk of our efforts have been spent in designing and developing the first 

induction, we focus our discussion on the virtual space environment. How were theories of 

motivation used in designing this induction? Recall that self-efficacy is built primarily from the 

four sources of self-efficacy. In tapping the first (and most powerful) source of self-efficacy—

mastery experiences—commercial games already provide the scaffolding and “leveling up” 

designs that are helpful in building students’ beliefs in their ability to succeed. Each of the four 

locked doors that students must pass through is a “leveling up” experience signaling to students 

that they have just finished a particular puzzle, and that they are now moving on to a more 

difficult one. As students attempt to figure out the patterns that arise in these puzzles, the 

environment provides mathematically appropriate scaffolds that help students, but only if they 

get stuck during the problem-solving process. Because this activity takes place during the first 

day of a 4-day intervention whereby students are exposed to the motivational activity on day 1 

and then take part in an in-depth teacher-led mathematics lesson on the second and third days, 

this technology activity is designed to provide students with the belief that they can, in fact, 

succeed in learning to solve the mathematical patterns that they will face later in the intervention.  

A potentially powerful and somewhat understudied aspect of the virtual environment we 

are designing and building taps students’ vicarious experiences. We have created short video 

interviews of real-life STEM professionals describing their experiences in learning math, and 

their subsequent path to a STEM career (see Figure 2). These young relatable professionals 

describe obstacles that they faced along their educational and professional paths and discuss the 

measures they took to overcome those challenges.  

The message the professionals reinforce is that, with persistence and with the appropriate 

strategies, one can receive the training necessary to work in an exciting and rewarding career. 

The hope is that, because students are able to select from a number of young STEM 

professionals who are diverse in their occupations and outward physical characteristics (e.g., 

gender, race/ethnicity), students will be able to relate to one of these people and reap some 



  

Education Development Center, Inc.  Page 44 of 89 

 
 
 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

motivational benefits. This design decision was made to address Bandura’s contention that 

model similarity is an important component of what makes a model instructive. Because there is 

mixed empirical evidence about what constitutes model similarity, and because the literature on 

virtual models is scant, we hope our findings may help to illuminate which factors students 

consider when they select a STEM interview to watch.  

As Bandura’s (2001) and Sabido’s (1981) work with telenovelas has shown, engaging 

television dramas can be created using vicarious models to instill large scale changes in human 

behavior. For example, soap operas were created to teach some communities about the value of 

furthering one’s education, and provided viewers with information at the end of these shows to 

put them in contact with people and resources to help viewers achieve their educational goals. 

The popularity of such shows and the massive response of viewers in applying to educational 

institutions demonstrate the impact that interventions centered on vicarious modeling can have.  

We believe that designers of technological environments can take a similar approach. 

Besides overt characteristics like gender and race/ethnicity, students may be looking for clues 

about how similar the model is based on perceived relative ability (i.e., “is this person about as 

smart as I am?”) and on attitudes (i.e., “did this person feel somewhat ambivalent about 

mathematics just like I do?”). For this reason, we asked each interviewee to dress fairly casually 

and to not say anything that might suggest that this person is not relatable to the average middle 

school student.  

We also asked the professionals to talk about what they did not like about math and any 

other challenges they faced that may have stood in the way of them becoming a STEM 

professional. For example, one interviewee described the fact that he grew up “dirt poor and 

Black.” Besides the material things that such a situation placed him in, there were also 

psychological consequences of this, such as thinking that “college is for those well-to-do kids 

who don’t look like me.” This particular person described how he had to overcome that thought, 

with the help of his father who pushed hard for him to go to college, before he seriously 

considered both a college education and more specifically a career in math and science.  

Prospective Findings 

Data from this study (which have yet to be collected) will help inform researchers and 

instructional designers about which types of technology activities tend to benefit which types of 

students the most. On the one hand, the virtual space world allows students to actively participate 

in the mathematics to be addressed in the math lessons, and allows students to take on the 

identity of a space explorer. It is designed to target self-efficacy as well as value beliefs. On the 

other hand, the Growth mindset modules are not specifically tailored to the math lessons; do not 

allow students to take on the identity of someone; and target students beliefs about math 

intelligence. By comparing students in each condition, we can explore which student-level and 

teacher-level characteristics tend to be associated more with motivational and/or achievement 

gains in each condition. Moreover, because the third technology activity is a low-cost alternative 

that many educators are familiar with, and that has been used extensively in the past, we can 

explore whether the motivational and/or achievement gains of students were worth the cost to 

produce and deliver to a large number of students.  
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Future Directions and Questions for Discussion 

 We began this paper with the assumption that beliefs about competence are strong 

predictors of students’ achievement in math and science and of their interest in pursuing STEM 

careers. However, beliefs about competence are not the only important motivation variables, nor 

are they always the strongest predictors. As Brophy (1999) has argued, there is a great need to 

study the value components of motivation as well. In fact, Brophy argued that, when it comes to 

motivation to do well in a particular subject or motivation to perform a specific task, competence 

beliefs might well be great predictors. However, when it comes to making larger decisions such 

as pursuing a STEM career, value beliefs may play a much more central role in students’ 

motivation.  

Therefore, steps should be taken to not only build adolescents’ beliefs that they can 

succeed in math and science, but also to foster the sense that math and science are enjoyable 

(interest value), important to society (importance value), can help advance one’s own 

educational, career, and personal agendas (utility value), and that the education and training are 

worth the time and effort (cost value). The question for researchers is how do we design and 

build technologies that can meaningfully and authentically foster these types of beliefs?  

 As Bandura (2001) and Sabido (1981) have shown, social cognitive theory can only 

provide the theoretical architecture on which actual products can be built. The next steps include 

the more micro level research involved in exploring the specific cultural milieus and 

motivational belief systems that researchers hope to influence. For example, if researchers 

wanted to design and build technology activities targeted to rural poor students in the 

Southeastern US, there are cultural milieus that would no doubt greatly influence the types of 

vicarious models to use. These cultural milieus and belief systems are likely quite different from 

those of the urban poor in the Northeastern US.  

Therefore, our basic assumption is that motivational activities are not a one-size-fits-all 

formulation. Rather, the technological activities that people design must be keenly attentive to 

the context of the targeted audience. These translational and social diffusion models, as Bandura 

has called them, are critical for motivation interventions to work. As a parallel, commercial 

video game designers are fairly attuned to their audiences when they design, build, and sell their 

products. For example, the FIFA soccer video games feature actual FIFA club teams and players 

with whom users can readily identify. Also, the cover of the video game changes depending on 

the country in which it is sold—in the United Kingdom, British players are featured, whereas in 

Italy, Italian players are featured.  

As another example, any games, such as World of Warcraft, take the approach of 

including many motivational design decisions that are bound to be useful for someone. For 

example, World of Warcraft includes exploring a virtual world and seeing very visually 

stimulating landscapes, which may be motivational for some. Others may be motivated by the 

combat features of the game. Others may be motivated by buying and selling at auctions. And 

still others may be motivated by the social aspect of meeting, talking with, and going on 

adventures with either friends or other online users from around the world. In the context of 

educational settings, and more specifically, in the context of math and science motivation, how 

might designers and researchers decide on which route to take—the “kitchen sink” approach like 
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World of Warcraft, or the context sensitive approach similar to what Sabido and Bandura 

described for their television dramas?  

Technology activities designed to motivate students in math and interest them in STEM 

careers may need to take similar approaches. The reason why, many times, such efforts do not 

take place is likely because of time and money. But can motivational inductions succeed with a 

broad audience unless sufficient time, effort, and money is spent to do so?  

In addition to value beliefs, according to Ryan and Deci (2000), relationships are also 

important in motivation—students tend to be more motivated when they feel a sense of 

belongingness and connectedness in the activities in which they are involved. As was evidenced 

by the television dramas created by Sabido, a key component of effecting change in people’s 

behaviors and beliefs was providing contact information for viewers to receive more information 

about how to change their lives.  

 Innovative technologies possess considerable power in their ability to connect people 

around the world in an instant. Struggling students, especially those who are traditionally 

underrepresented in STEM fields, would likely benefit from feeling a sense of connectedness and 

belongingness. Social networking tools and immersive virtual environments are potentially 

useful tools that can aid in connecting disadvantaged students to vicarious models or 

organizations that can facilitate students’ entry into STEM fields.  

But how can these tools be effectively utilized in educational contexts? How are the 

relationships that are formed digitally different from the ones that are formed in person? And 

how might these differences be meaningfully addressed to motivate students in math and science 

and engage them in STEM fields? These are important questions for design-based research. 

Finally, as mentioned earlier, students do not live their lives in isolation. Therefore, in 

addition to self-efficacy beliefs, collective efficacy may play an important part in motivating 

students in math and science. Again, this is especially likely with students who have been 

traditionally underrepresented in STEM fields. A recent example illustrating the power of 

collective efficacy is how youth revolts that began in Tunisia started an uprising across the 

Middle East. These revolutions were able to take place, to some extent, because of emerging 

technologies. How might technologies in educational contexts be designed to empower 

disadvantaged students to believe that they too can attain meaningful careers in math and 

science?  

Conclusion 

Technology cannot solve all of our problems in STEM motivation. As a tool, it is only as 

good as its creators’ designs. As a teaching tool, immersive technologies still have a long way to 

go with regard to what constitutes “best design practices.” As a motivational tool, they also have 

quite a long road ahead of them. Our hope is that this paper provides one piece of the puzzle to 

creating motivationally sound immersive technologies by outlining a useful theoretical 

framework on which to build. The real work now begins by exploring the translational and social 

diffusion models that can further the goal of motivating students in math and science, and 

boosting their interest in pursuing STEM careers.  
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Figure 1. Screenshots for Each Induction 

Induction 1: Virtual Space World Induction 2: Growth Mindset Web Modules 

Induction 3: Video 
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Figure 2. Interviews With STEM Professionals 
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WHITE PAPER #2: MOTIVATING YOUTH THROUGH AUTHENTIC, MEANINGFUL AND PURPOSEFUL 

ACTIVITIES: AN EXAMINATION THROUGH THE LENS OF TRANSFORMATIVE ACTIVIST STANCE 
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Brooklyn College, jadams@brooklyn.cuny.edu, Lynn Dierking, Oregon State University, 

dierkinl@science.oregonstate.edu. 

 

Abstract: An ongoing and at times seemingly intractable issue in science education and STEM 

fields is the underperformance and underrepresentation of marginalized youth. This is often 

attributed to disconnect between school in general, school science specifically and the cultures 

that youth enact and experience in their daily lives. Although research demonstrates that youth 

become engaged in STEM when it is relevant to their well-being and that of their community, 

the question of what motivates underrepresented youth to pursue STEM interests is still not fully 

understood. This white paper argues for framing program development, evaluation and research 

within a transformative activist stance. Such approaches give voice to youths’ perspectives on 

how and why they participate in STEM programs, enabling the design of youth-centered STEM 

programs that more effectively develop and sustain interest in STEM careers and pursuits.  

 

Problem  

The National Science Board (2010) states the key to the nation’s success is to invest in its human 

capital, particularly the next generation of STEM innovators. Towards that goal, they 

recommend that as a nation we “cast a wide net to identify all types of talents and to nurture 

potential in all demographics of students” (p. 3). We also know that in order for youth to succeed 

in the future workforce, they must be competent in 21
st
 century skills (www.p21.org); 

specifically they need to be able to think creatively and critically, while also being able to 

communicate and collaborate.  

 

Although an important goal to nurture the potential of all types of students, it is also 

tremendously challenging tall order since we face an ongoing and at times seemingly intractable 

issue of attracting youth from underrepresented communities into STEM fields (National 

Academies of Science, 2007). This is often attributed to disconnect between school in general, 

school science specifically and the cultures that youth enact and experience in their daily lives 

(Lemke 2001, Roth & Tobin, 2007). Although research demonstrates that youth become engaged 

in STEM when it is relevant to their well-being and that of their community (Connell, Halpem-

Felsher, Clifford, Crichlow, & Usinger, 1995; Rumberger, 2004; Edelson et al. 2006), the 

question of engagement—what initially motivates underrepresented youth to become interested 

in STEM, and what contributes to sustained interest over time, is not fully understood.  

 

Appreciating that motivation is a dynamic, situated, and domain-specific phenomenon, a process 

that can be inferred from observing youths’ actions (Schunk, Pintrich and Meece (2008), we 

posit that youth-centered, goal-directed activities can increase underrepresented youth interest 

and engagement in STEM, while also building their 21
st
 century skills. Goal-directed activities 

empower youth to respond to issues in dynamic, situated, and domain-specific ways. Merging 

this view of motivation with a transformative activist stance (Stetsenko 2008) of learning and 

identity development, we recommend that youth engagement activities emphasize participation 

mailto:jadams@brooklyn.cuny.edu
mailto:dierkinl@science.oregon
http://www.p21.org/
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in activities in which youth are simultaneously producing, reproducing and transforming others 

and themselves through the process, all with the goal of contributing to society in some small 

way. We find this approach to thinking about motivation and identity development useful 

because our central thesis is that youths’ STEM motivation will increase if the OST programs in 

which they participate engage them in real-world activity and problems of consequence, 

positioning them to be generators of and contributors to the STEM enterprise, as well as 

contributors to society. Youth want to matter and belong and contributing to society is one way 

that youth can do so. Such contributions can include creating something to engage, excite or 

interest their peers or to improve the quality of life in their immediate community. What matters 

is that there is a goal that affects people beyond themselves.  

 

The objectives of the paper are to 1) frame the development of ITEST project activities through 

the lens of transformative activist stance (Stetsenko, 2008) thus beginning a dialogue for how 

activities designed and implemented in this way can potentially motivate youth to develop long-

term dispositions and identities as STEM practitioners and 2) describe how participatory research 

methodologies can be integrated into ITEST activities in ways that support both the goals of 

research and the implementation of more effective programming for youth.  

 

We describe how a specific project engages a diverse group of high school students to participate 

in a meaningful, purposeful activity that allow students to exercise both STEM and 21
st
 century 

workforce skills. We ground our work in socio-cultural perspectives because we recognize that 

learning is a social activity, mediated by institutional and cultural factors. We also recognize that 

learning, identity development and motivation occurs when people engage in activities that are 

meaningful and valued by themselves and others. The described project is considered a 

transformative activity because one not only engages in the process of learning—learning the 

collaborative practices of a community and finding their role in it—but also in the process of 

Becoming, which Stetsenko (2008) describes as, “[humans becoming] agents of their own lives, 

agents whose nature is to purposefully transform their world” (p. 12).  

 

Methods 

Increasingly many ITEST projects have a central component which positions youth to participate 

in meaningful, purposeful activities that contribute to the well-being of society, for example 

through environmental activities or by supporting others to develop an interest in and 

engagement with STEM topics. In such activities, youth play a major role in deciding how they 

will engage in STEM and what tangible products will result. We will describe and interpret one 

specific ITEST project, Virtual Hall of Science (VHOS), within the transformative activist 

framework, demonstrating how taking such a purposeful stance can motivate students to engage 

in STEM activities and potentially pursue and persist in STEM education and careers. 

 

The Broader Context 

Situated in one of the most diverse districts in the country, the New York Hall of Science 

(NYSCI) employs local youth to work as Explainers to facilitate learning interactions with 

visitors that allow them to explore scientific phenomena. This program directly addresses 

challenges of motivating young people in STEM by working with them through a graduated 

program that enables them to advance as they master STEM knowledge and skills required for 

them to take on increasing responsibilities. Explainers are recruited based on their interest in 
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having a job, rather than on their academic performance. Often Explainers hired are initially 

somewhat shy, but they demonstrate an interest in working with people. Many even claim to 

dislike or be afraid of science when they begin their relationship with NYSCI. Over time, 

Explainers develop an understanding that they are part of a bigger endeavor and that their actions 

and activities matter to the success of the science center, and to the experiences of the school and 

family visitors. The Explainers are motivated to learn science and understand the exhibits 

because they want to be well versed in the content before they interact with visitors. Working at 

the science center has even motivated some to considered careers in STEM and teaching. The 

quote below shows evidence for how one student attributes her career to her experiences at the 

museum. 

 

I am who I am because of the Hall of Science; I wouldn’t have the Masters degrees. I 

wouldn’t have all this. My career choice is directly related, I wouldn’t have been working 

in [a] science institution without the museum. When I go to interviews for science 

organizations, I’m able to walk in and show how much I know, and show I have the 

ability to learn what I don’t currently know.” [Female Asian American, 31-35, 

professional] 

 

Explainers are learning both science content and constructivist-pedagogy as they continuously 

improve their mediating skills. They are also engaged as constructivist learners—continuously 

scaffolding new content and ideas as they build their expertise. Both individually and 

collectively, the Explainers create and recreate a distinct practice of teaching science on the floor 

at the Hall. The structures that exist in this OST setting—interactive exhibits, and supportive 

peers and supervisors—afford the resources for their learning and identity development. Their 

ongoing motivation for learning is to make a difference by becoming better facilitators. They 

also gain self-awareness of how they and others learn, also an important 21
st
 century learning 

skill.  

 

Virtual Hall of Science 

In order to extend the success of the Explainer program, NYSCI designed the VHOS, to support 

students in developing not just their 21
st
 century skills, but also their ICT skills. While the 

ultimate goal of VHOS is to encourage young people to consider STEM careers, the immediate 

goal is to engage them in using these skills to contribute to an activity that has purpose beyond 

the walls of the classroom. In the VHOS project, approximately 40 high school Explainers work 

closely with scientists, educators and other professionals (referred to as project leadership team) 

to develop the skills to conceptualize and create STEM exhibits in a 3-D space which populate a 

virtual science center. Their goal is to create entertaining science learning experiences for 

visitors of all ages. This space is not just a workspace for youth, but a “real” place that will be 

opened to the public where families and school groups can engage in the learning environment 

created by the Explainers. The students, both individually and collectively, contribute to the 

content of this space and are responsible for getting it ready for public use.  

 

Working in groups of four, Explainers first decide the content they want to focus on. They learn 

how to design within the virtual world and then as they create prototypes of their interactives, 

they get feedback from their peers, from the NYSCI staff, from experts in the field of technology 

and museums. At key points throughout the project, Explainers have the opportunity to present 
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face-to-face and virtual showcases to visitors to test the usability of their interactives. The 

Explainers learn both soft and hard work skills as they assume responsibility for each phase of 

the project. They are motivated by this responsibility because they know that the success of the 

visitor experience is in large part due to the quality of the experience they create. 

 

Weaving Research into Practice 

As stated earlier more recent social cognitive conceptualizations of motivation see it as a 

dynamic, situated, and domain-specific phenomenon (Schunk, Pintrich and Meece (2008), Such 

complexity creates challenges for the educational research community as they attempt to 

document the role of motivation. It is both difficult to determine the best ways to gauge 

motivation and to understand the many different factors that mediate what does or doesn’t 

motivate youth to become interested in participating in STEM activities. Some factors are even 

beyond the control of youth such as access to opportunities, time, money, and more. Considering 

the complexity of this construct, we describe a set of strategies used in VHOS to document 

changes in participants and the role that motivation plays.  

 

Cogenerative Dialogues. Cogenerative dialogue (Tobin & Roth, 2006) is the approach used to 

engage youth in collaborating and constructing their VHOS environment. Such dialogues are 

youth-focused meetings which give them voice and choice and afford equal participation of 

youth and knowledgeable adults. However, these dialogues are not only activities that engage 

youth in making key decisions about their activities, they also serve as a way to collect data on 

youth’s perspectives about motivation and meaningful activity. Each participant in the 

cogenerative dialogue has voice and this supportive and open environment for discussion ideally 

minimizes power imbalances. By using a method in which participants work collaboratively with 

those in positions of power and expertise, youth are able to describe the difficulties arising within 

the project and co-create solutions. These dialogues also provide insights into the ways youth 

conceptualize STEM, STEM careers and the constraints and opportunities to pursue and sustain 

interest in STEM activities such as building exhibits in VHOS. These insights can greatly 

influence the education communities’ ability to create more meaningful, authentic activities, 

which will motivate youth to pursue and persist in STEM activities, education and careers. 

 

Blogs. Building social networking spaces within this project to gather notes, make decisions, 

identify conflicts and accomplish work across time has been another effective, although 

unintentional way, to document which youth serve as motivators for others and who are not as 

engaged within the project as others. The blogs are part of the activity and were not originally 

meant to be a data collection strategy for research. However, the richness of some of the posts 

indicates that these online conversations are potentially useful data sources for documenting 

motivation. Entries that have more detail and create an atmosphere of teamwork and community 

have been good indicators of the levels of motivation of the students. The following post from 

one student demonstrates how he has taken the initiative to make roads within the virtual space 

to create order, 

 

Hello all!, just here to say that I have created our towns infrastructure if you were 

wondering. I took one night to do it and I made it so that the roads pass through in front 

of almost everyone’s house. It also turns into a bridge at one point passing over a few of 

the houses :). when you get a chance, you may want to take a ride along the road...no 
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telling in where it might take you...there is always more to explore my friends...(posted 

3/16/2010) 

 

This student was motivated to make roads because he needed to create organized ways of 

working in the virtual world. He knew that this space was going to be used and eventually would 

be visited by the public and took it upon himself to make roads. Utilizing these entries, we are 

able to determine which youth are motivated to participate and who are not. For those that 

seemed uninterested, we are able to take a step back and address the situation by adjusting 

different elements of the project. While this is a time consuming mechanism for documenting 

motivation, it is one that becomes part of the activity itself. Thus the blogs serve as a window for 

educators who design these activities to understand which elements of a program motivate 

students to persist and work through challenging moments. 

 

Findings/Impact 

The notions of identity and activity are dialectically related. As a person engages in social 

activity, her identity continues to form and transform mediated by the resources and tools she 

uses, by how she chooses to use them and by how others view her. As her identity continues to 

transform, the activity continues to be transformed. A person who sees herself as one who is an 

expert in science will approach the activity of facilitating science experiences differently than the 

person who does not. Therefore motivation is linked to participation in activity and consequently 

to identity formation. As one engages in meaningful activity and grows in the identification of 

self as an expert in that activity, it impacts the level of motivation. Youth in this project identify 

with being an Explainer, a person with some level of comfort and expertise in facilitating science 

conversations. When faced with the opportunity to apply this identity to a new setting, they are 

not only excited, but somewhat equipped to begin the activity. With scaffolding from the project 

leadership team, they develop their skills and gain new tools and resources to apply towards the 

activity. In the following statement, an Explainer describes how she and her teammates work 

towards designing age-appropriate exhibits:  

 

So today, they let us work on expanding our exhibit idea on the VHOS 3rd Floor. I 

thought about the feedback I have been getting about the concern of the age group for the 

VHOS Preschool Place, so I decided to just create it as the VHOS Kids Place. And I also 

made a sign saying that the recommended age is 6 and UP. Today I only built the outside 

of this place but when I get home I will expand it even more! I’m excited, and I really 

hope this idea can be successful.  

 

What we witness from this excerpt is knowledge gained from working at the New York Hall of 

Science is being used to design a virtual space. Explainers are engaged in the collaborative 

practices of the museum. Through their ongoing learning and participation in museum activities, 

they become more intimately familiar with the behind-the-scenes workings of the institution. 

They value that some exhibits are more suitable for younger children and belong in a separate 

space and are able to engage in the design of such a space with some degree of professional 

knowledge. In the statement above, the students enact this collaborative knowledge to help one 

of their peers to make her space more age-appropriate. Experiences like these mediate the 

developing identity as a designer of STEM exhibits. These developing identities in turn mediate 

motivation for continued participation in the activity. The following statement from a different 
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student supports this claim. This blog post is from his initial participation in the program. One of 

the first skill-building activities that Explainers engage in is learning to build their own house in 

virtual world. In the process of building their house, they gain experience with different tools 

like Google Sketchup and learn foundational computer programming skills that they will then 

apply to building a virtual STEM exhibit. 

 

Today I was on [in-world] from 4-10pm, working on my house and after 6 hours I am 

almost done. These six hours went by pretty fast and I am adding some finishing touches 

to my house. The new house I built is 3 stories high on almost the edge of homeland. 

Today I was basically addicted and really could not get myself off. 

 

Laptops were made available for students to borrow and use at home to continue their activities. 

This particular student expressed that he was “addicted” to the activity. From our perspective, in 

his “addiction” he was using digital tools and gaining ICT skills that are relevant to participation 

in the STEM/ICT workforce. As researchers and practitioners we are, in fact, aiming to addict 

kids to these types of math and science activities. 

 

VHOS is in the beginning of its third year and is about to engage its final cohort of high school 

students. The actual virtual world is populated with numerous STEM interactives and the project 

team is planning how this 3-D space will move from being a workspace to becoming a public 

site for virtual visitors. The Explainers will lead the development of the facilitation plan in 

partnership with full-time NYSCI staff and the evaluation being conducted by Center for 

Children and Technology is centered on measuring growth in Explainers’ ICT skills and 

awareness of STEM careers. Although the evaluation is not specifically measuring how the 

project is impacting motivation, the project team can clearly note that the Explainers are 

enthusiastic about figuring out ways to bring their expertise in facilitation to a virtual 

environment. This project has allowed them to extend their Explainer identity to a new context 

and learn new roles in facilitating science-learning experiences for the public. The motivation is 

generated from within the Explainer group itself as they bring their prior experiences facilitating 

science with visitors to the physical NYSCI and share what has worked and what hasn’t worked. 

Furthermore, they feel a sense of responsibility towards each other and to the project, which 

contributes to a collective motivation to excel. The following blog statement from one the 

students who has emerged as a leader from within the group demonstrates how students motivate 

each other: 

 

This is too [sic] all of my peers and colleagues. It has been brought to the attention of all 

of those who attended the in-world session at 6pm on today’s date: 4/28/10 that we have 

been quite lax with our work. Lax in the sense that we are slacking. This is not what was 

expected of us, it isn’t the duty of the leaders to keep you on track but you should want to 

keep yourself on track! SELF-LEAD! Please, I know we are capable of great things so lets 

get to it! FULL MOTIVATIONNN!; Oh and PLEASE look at the floor plans for VHOS, 

these are the plans we are going to build by so please adhere to them and try to construct 

your exhibits in the designated areas. Organization is key people, lets keep it up! Thank 

you, this is all I really have to say, OH! and please complete the surveys for the end of 

each week, these surveys should be completed before every Saturday, being that Saturday 

is the mark for the beginning of a new week. -Thank You,  
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We felt it was important to provide the entire blog entry in this paper because it provides 

evidence for this collective motivation. The student has pride in his group, knows his group’s 

potential for success and does not want the project leaders to think otherwise. He encourages the 

other students to “self-lead”—an invitation to become proactive. He also reminds the others to 

complete what may seem like a repetitive task, to fill out the weekly evaluation surveys. This 

student is aware of the importance of the evaluation to the project—to the collaborative practices 

of the museum—and wants to ensure that his group is performing well in all areas. It is in these 

groups where the collective sense of motivation is quite strong. The project leadership team’s 

role has been to harness this motivation and so that it not only supports youth in growing their 

skill set, but also meets the objectives of building a public virtual space.  

 

Discussion 

The process of engaging students in meaningful, authentic activities in which they are positioned 

in a central leadership/decision-making role can be a source of motivation. In this case, students 

build a 3-D interactive STEM learning space that will extend their role as Explainers into a new 

(virtual) context. The project team designed this activity for students to gain ICT skills while 

developing an interest in science, however the very nature of the project motivates students 

because they are doing something that will be for the greater good of the Explainers, the science 

center and ultimately the general visiting public. This project also opens up many questions to 

consider including: 

 

 Given that motivation is dynamic, situated, and domain-specific and can be inferred from 

actions, what are some ways that we could observe and describe actions that indicate 

motivation? How can we reproduce the conditions that lead to those actions that seem to 

specifically lead to motivation? While this question is pertinent to many, it is especially 

relevant for educators who are responsible for designing experiences for youth and for 

policymakers who influence decisions about which programs and projects get funded.  

 Issues of workforce development are compelling the nation to examine our practices, our 

policies and our assumptions about STEM teaching and learning. In this political climate, 

what can we learn about student participation and motivation in projects like these that 

would support career-focused STEM education? The project featured in this paper is 

designed to investigate awareness of and interest in STEM careers, however we became 

aware that the context of the project spurred students to persist and surpass meeting the 

project goals. In other words, the collective goal of the group to build something of 

relevance to multiple stakeholders seemed to be a central motivating feature. In what 

ways could this motivation in this STEM context be linked to motivation to pursue 

STEM careers? Or perhaps we should ask, how could we make more explicit the 

connection of the STEM contents and skills learned in a project to STEM careers that 

contribute to the greater good? If this were a central design feature of such projects, 

would this motivate more students to pursue STEM careers? What kinds of STEM 

careers would these students be drawn to? How could we document this trajectory?  

 We discuss some possible ways of weaving research into practice, but what are other 

ways that researchers and practitioners can work together to understand when and how an 

activity motivates youth? How can we involve the youth themselves becoming self-aware 

about their motivation? How could we document this in ways that strengthen the body of 
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literature in this area and lead to practical application in program development and 

implementation? 

 

These are some initial questions worth exploring as we work to advance the body of research and 

practical activities that aim to motivate youth to pursue STEM careers and interests. Hopefully 

such questions will help us to not only expand our definition of motivation and the factors that 

support it, but also to think about ways to purposively design activities and engage youth in ways 

that will contribute to their STEM-related motivation and persistence.  
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WHITE PAPER #3: MOTIVATION AND CULTURALLY RESPONSIVE TECHNOLOGY FOR COMPUGIRLS 

 
Kimberly A. Scott, Jenefer Husman, & Jieun Lee Arizona State University 

 
Problem Statement 

 Explanations for why girls from underrepresented groups (e.g. African American, 
Hispanic, and Native American) do not enter and/or persist in STEM fields in general and 
technology disciplines in particular, consider a multitude of factors. Among the suggested 
reasons, lack of motivation continues to shape much of the discourse and programmatic efforts. 
Although we come from different disciplines (social justice studies and educational psychology) 
our training and individual research, as well as our combined efforts on the COMPUGIRLS 
project have provided us with significant evidence that the above description is a 
misrepresentation of our girls’ lived experience and the motivational psychological constructs 
often cited as part of this discussion. Specifically, we argue that the taken-for-granted view of 
motivation is problematic for two reasons. 

Motivation and Self-Concept 

First, it is commonly believed that motivation is an innate construct. Such a perspective 
describes motivation as an immutable entity that some individuals inherently lack. In contrast, 
some education psychology research maintains that motivation is a process related to future 
beliefs (Oyserman & James, 2009), self-concept (Marsh, Gerlach, Trautwein, Lüdtke, & 
Brettschneider, 2007), and self-efficacy (Usher & Pajares, 2006). Of these three motivational 
beliefs system all are highly influenced by context, and amenable to change – in some cases 
very rapid change. 

The concept of “the self” is central to social and educational psychology. The self not 
only represents what we know of ourselves from our past experiences, but also holds what we 
expect from ourselves in the future (Husman & Lens, 1999; Markus & Nurius, 1990; Nuttin & 
Lens, 1989). The study of humans understanding of themselves in the present, and in the 
context of educational achievement has been dominated by Herbert Marsh and his colleagues 
(Marsh & Craven, 2006; Marsh, Gerlach, Trautwein, Lüdtke, & Brettschneider, 2007; Marsh, 
Tracey, & Craven, 2006; Marsh, Trautwein, Lüdtke, Köller, & Baumert, 2006). Much of this 
research has focused on the validation of the Academic Self Description Questionnaire II as a 
high quality measure of domain specific self-concept (Marsh, 1990). Marsh has successfully 
used this measure with adolescent students from various academic and personal backgrounds. 
Due to the widely known success of this measure, and its domain specificity we chose to use 
this instrument to measure our students’ academic, technological, and general self-concepts; 
and to track changes in their self-concepts over time. 

 One aspect of students’ motivation for engagement in the present and the future is their 
understanding of the connection between present behaviors and future goals. This connection 
has been called Perceptions of Instrumentality, the perception that some tasks are instrumental 
to achieving important future goals. Perceptions of Instrumentality have been shown to influence 
students’ achievement, motivation, and learning (Husman, Derryberry, Crowson, & Lowmax, 
2005; Turner & Schalertt, 1999). We were interested to find out how instrumental adolescence 
girls’ of color beliefs of learning technology was for their future goals. We also wanted to know 
how instrumental the students found working on the types of projects we provided. To measure 
student’s perceptions of instrumentality we used a measure which has been used frequently 
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and successfully with late (Turner & Schallert, 2001) and early (Van Calster, Lens, & Nuttin, 
1987) adolescences. 

 Another aspect of humans’ projection of themselves into the future has been researched 
in adolescence in high-needs areas under the description of Future Possible Selves (Oyserman, 
Brickman, & Rhodes, 2007; Oyserman & James, 2009). Oyserman and her colleagues have 
successfully used the Academic Possible Selves measure to examine the possible selves of 
students from high-risk, high-poverty areas in the Detroit metro area(Oyserman & Fryberg, 
2006). We chose to use her measure both because of the strong validity and reliability 
evidence, but also because we felt the measure would provide us with the greatest amount of 
information about the future expectations of the students in our study.  

 Students’ expectations of their future selves and their perception of their current selves 
greatly influence the value students have for activities (both academic and non-academic). 
Although critical to engage students and encourage them to value STEM activities (in formal 
and informal settings), students who value an activity but doubt their ability to successfully reach 
their goals or perform in those tasks may (often referred to as self-efficacy) create a situation 
where they experience high anxiety and negative emotions. This situation is likely to result in 
disengagement in their value of the activity (Brophy, 2002). It is therefore important not only to 
track students’ understanding of themselves but also their understanding of their self-efficacy for 
completing the specific STEM activities involved. In our case we were concerned that students 
feel competent doing computer and web-based activities. We used the Computer Interface 
Literacy Measure (CILM) (Turner, Sweany, Husman, 2000) which assesses students’ self-
efficacy for specific computer knowledge and skills as well as functions as an objective measure 
of their computer literacy. For our task we updated the CILM to emphasize the software and 
operating systems currently in use. 

Within this understanding of motivation lies the argument shaping our efforts: The earlier 
youngsters receive nurturing experiences and frames that support particular adaptive 
motivational beliefs, the greater the likelihood for strengthening their future beliefs, self-concept, 
and self-efficacy. To deeply influence these self-beliefs and produce an effective process, we 
argue that these experiences need to be culturally relevant and resonate with the students’ 
deeply seated understanding of themselves in relation to their community. Although this notion 
is rarely considered when examining disadvantaged populations, it leads us to our next critique. 

Motivation in Cultural Contexts  

Second, believing that students from high needs areas lack motivation too easily recalls 
the cultural deficit model (Solorzano,1991, Valencia, 1997). Often used to explain the 
achievement gap, cultural deficit thinking faults students’ culture, motivation, and/or community 
for preventing academic success rather than noting the structural, institutionalized constraints 
impeding true progress. Similarly, some researchers and program developers maintain that 
certain population’s lack of technological motivation is due to their community’s lack of interest 
or belief in digital media. When such contexts do use technology, their employment is often 
marginalized or rarely valued (Everett, 2009). Such communities’ purported technophobia 
(Monroe, 2004) leads to structural and individual implications. Contending that 
underrepresented groups’ cultures preclude its individuals from being motivated and interested 
in technology allows high needs schools to not offer advanced technology classes (Goode 
2007; Margolis, Estrella, Goode, Holme, & Nao, 2008), and a proliferation of enrichment 
programs that are culturally irrelevant (Scott, Aist, Hood, 2009; Scott, Clark, Sheridan, Mruczek, 
& Hayes, 2010). Culturally relevant practices (CRP; Howard, 2003; Ladson-Billings, 1995; 
Milner, 2010; Lee, 2007; Gay, 2002) stand in direct opposition to these beliefs and actions.  
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  CRP maintains three key features: 1) Asset Building: a youngsters’ cultural knowledge is 
an invaluable asset that should shape the learning process; 2) Reflection: Instructors involved in 
the learning process need to reflect upon their own positionality challenging what they know and 
how they gained knowledge about people and content; and 3) Connectedness: Students should 
feel that their learning should and can affect their communities insofar as they feel a sense of 
responsibility to something larger than themselves (i.e. peer group, community, ideals).  

In combination with our understanding of motivation theory, we constructed 
COMPUGIRLS (NSF # 0833773) around the following assumptions: Although girls from high 
needs districts may not have access to mastery experiences or digital media that is culturally 
relevant, they may be highly motivated to interact with multimedia if provided the opportunity. 
The effects of such an opportunity will be more pronounced in a digital media experience that 
incorporates the above elements of culturally responsive practices. Programmatic implications 
of these assumptions caused us to create COMPUGIRLS as a six-course, culturally responsive, 
multimedia after school and summer program aimed at adolescent girls (ages 13-18) who rarely 
if ever have exposure to culturally relevant digital media.  

The PI worked primarily with two Phoenix-metropolitan school districts to recruit a cohort 
of 40 girls to navigate the two-year program. Upon receiving over 100 applications, 50 girls were 
selected to participate based on their essay scores. The vast majority of the girls are Hispanic 
(76%) followed by a significant percentage of African American female participants (16%). 
During the Summer 2009, participants began the first COMPUGIRLS course at Arizona State 
University’s Downtown Campus. This paper examines their future time perspective, self-
concept, and self-efficacy during the first three courses.  

Although the media product of each course varied, dependent upon the used software, 
two end results remained constant—a research paper and a digital media presentation of their 
results. Throughout the courses, carefully trained mentor-teachers led small and large group 
lessons around issues of social justice, software and hardware use, and the role of technology 
towards community advancement. Meetings required individuals to continuously reflect upon 
self-selected topics; consider how digital media could be used to answer the individually created 
research question; and analyze the results and ultimately present the findings while discussing 
implications to various audiences. The curricula encouraged the girls to demonstrate to their 
peer group their strengths (assets) by requiring girls to provide progress reports, verbally 
articulating what they learned, and posting ideas using Ning. Instructors were encouraged to 
monitor the girls’ demonstrations, document them, and incorporate their cultural knowledge into 
subsequent lessons. Often this led to peer mentoring, girls presenting how they accomplished 
tasks, and interdependent group work integrated into lessons. From these exchanges, girls 
learned how to provide feedback to their peers. Importantly, as participants’ became more 
connected with each other, instructors and girls’ co-created rules, adjudication systems, and 
peer feedback loops. At the conclusion of each meeting, we required girls to reflect upon and 
share their progress, articulate short and long-term goals, and direct recommendations for 
future accomplishments. Equally important, each course concluded with a community-wide 
celebration organized by participants. At these events, girls showcased peer-selected projects 
to family, friends, school administrators, community advocates, and university affiliates.  

Method 

Participants 

To contextualize our results, we created a matched comparison group. Based on work 
by staff and district personnel within the Roosevelt Elementary School District and the Phoenix 
Union High School District, the project PI worked closely with school and district level 
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administrators to develop a procedure for identifying participants and administering the surveys. 
In Roosevelt, for instance, an assistant principal worked with the computer lab instructor to 
disseminate permission slips and arrange for the survey administration days and times. The 
students were allowed to come to the computer lab during a two-hour block and complete the 
surveys. Evaluation staff were on hand immediately or at a pre-arranged time to have students 
complete a compensation form receipt and to receive a $5 gift card. Two Phoenix Union High 
School District administrators (technology department and research department) worked 
together to develop the protocol for their survey administration. The technology administrator 
identified one key staff at a number of campuses who would be in charge of working with the 
evaluation team to recruit students and administer the survey. The high school district staff 
requested copies of all permission slips. 

The arrangements for comparison group participants were not completed by summer, so 
their first survey administration occurred in conjunction with the fall administration for 
COMPUGIRL participants.  

The analysis employed for the two groups was a two-way ANOVA with unequal sample 
sizes. This was used to evaluate the effects of two groups (COMPUGIRLS and comparison 
group), and time on the dependent variables PS, ASDQ-SC, ASDQ-TS, and CILM. To account 
for the differential in survey times, the analysis included the first and fourth semester results on 
the dependent variable for both groups.  

The time periods used were the following: 

 Time 1= First Semester  

 Time 4= Fourth Semester 

For COMPUGIRLS participants, that translates into Time 1 being their pre-summer 09 and 
Time 4 being their Post-fall 09 scores. For the comparison group, Time 1 is pre-fall 09 and Time 
4 is their post spring 10 scores.  

The COMPUGIRLS participants and members of a comparison group completed one or two 
rounds of surveys in 2009. The table below lists the total number of participants, by group, 
within each survey administration. 

Table 1: Number of participants by group 

Group 
Pre Sum 
09 

Post Sum 
09 

Pre Fall 09 
Post Fall 
09 

Pre Spring 
10 

Post Spring 
10 

COMPUGIRLS 43  37  31 29 28 23 

Comparison Grp     61 52 44 39 
 

Measures 

Possible Selves & Plausible Strategies Questionnaire 

This instrument was administered for the students to express Expected Selves ( “next 
year, I expect to be…”) and Feared Selves (“next year, I want to avoid…”). Additionally, the 
instrument asks if she is doing anything to accomplish this goal, and if yes, identify what she is 
doing now to facilitate this. Each survey is scored by 2 raters who coded the questionnaires for 
academic plausibility. The questionnaire author, Daphna Oyserman explained that “plausibility is 
meant as a general assessment of the usefulness of the achievement related visions and 
strategies the student describes as a ‘road map to achieving in school’ or a plan of action.” 
(Oyserman, et al., 2004) Plausibility scores range from 0 (none or a single, vague academic 
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possible self) to 5 (multiple academic possible selves and strategies that focus on both the 
academic aspects and social interpersonal aspects of attaining the academic goal).  

Perceptions of Instrumentality Scale 

The Perceptions of Instrumentality Scale (PI) (Husman et al., 2005) asks the students if 
they would use what they learned in the COMPUGIRLS program in the future and that the skills 
and information will be important to their future success. It was only used in the CG survey. The 
response categories ranged from strongly disagree (1) to strongly agree (5) Reported 
Cronbach’s alpha =.86. 

ASDQII 

Three of the subscales from Academic Self Description Questionnaire II (Marsh, 1992) 
were utilized: Computer Studies/Technological, Stable Personal Preferences, and Academics. 
The ASDQII instrument measures multiple subject matter dimensions of academic self-concept 
and is designed for use with early adolescents. Reported coefficient alpha estimates of reliability 
varied from .89 to .95 for the scales. 

Computer Interface Literacy Measure (CILM) 

To measure participant change in technological skills, the CILM Measure (Turner, et al., 
2005) survey was used. The items measured included confidence in using operating systems, 
skills and knowledge in using operating systems, confidence in internet use, and 
skills/knowledge in using the internet. The CILM is composed of both self-report (26 items 
α=.90) and knowledge application subscales (42 items; α=.85). 

Results 

In order to examine growth for the COMPUGIRLS participants, a paired sample t-test 
was conducted using the pre-summer to the post-spring scores on all commonly repeated 
measures. This included ASDQ, SPPA, PS, PIEN, and CILM measures.  

 

COMPUGIRLS             

 

Sum 

Pre 

Survey 

 

Sum 

Post 

Survey 

 
Fall Pre 

Survey 

 Fall 

Post 

Survey 

 Spring 

Pre 

Survey 

 Spring 

Post 

Survey 

 

 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

PS 2.36 1.495 2.92 1.26   2.79 1.264   2.61 1.12 

PIEN_M 4.60 .54138 4.77 .328 4.7016 .350 4.62 .456   4.49 .576 

ASDQ_TS_M 6.23 .97562 6.31 1.153 6.7073 .983 6.79 1.071 7.04 .869 6.95 .851 

ASDQ_SP_M 6.81 .77230 6.86 .878       7.03 .801 

ASDQ_AS_M 6.55 .92286 6.65 1.11   6.87 .913   6.98 .586 

OpSys_Conf 3.25 .49461 3.90 .558   4.07 .356   4.15 .349 

Internet_Conf 3.77 .43581 3.87 .387   2.73 .296   3.8 .381 

 N = 41  N = 32  N = 31  N = 29      
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The Perception of Instrumentality (significant decline p < .05). The growth in ASDQ-TS 
and Operating System Confidence was statistically significant (p<.001).  
 

2.542.68

4.81
4.48

6.14

7.03
6.66

6.98 6.877.03

3.153.17 3.10
3.34

3.14
3.36 3.25

4.16
3.753.79

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

PS PIEN* ASDQ_TS** ASDQ_AS ASDQ_PP SPPA_SC SPPA_BC SPPA_SW OpSys-

Conf**

IntSys_Conf

CompuGirls paired sample t-test
n=22

Pre-Summer

Post-Spring

 
Note: n=22 *p < . 05; **p < .01 

 

Comparison Group and COMPUGIRLS 

The ANOVA results reveal a significant interaction on a few measures between the 
groups (COMPUGIRLS, comparison) and Time of measurement on the possible selves 
measure and technological skills (operating system use confidence). Compared to the 
comparison group, the COMPUGIRL participants had higher scores in possible academic self-
confidence and operating system use—scores that increased over time. However, the Internet 
use confidence measure was a significantly higher value for the comparison group over time.  

Possible Selves (PS):  F (1, 162) = 5.08, p<.05  

CILM Internet confidence: F (1, 161) = 58.2, p<.001 

CILM Ops Sys Use:  F (1, 162) = 15.93, p<.001 

 



   

Education Development Center, Inc.  Page 66 of 89 

Advancing Research on Youth Motivation in STEM: 
A Report on the NSF ITEST Convening 

Post (Time 4) Mean Scores

2.79

6.87

4.07

2.73
2.36

6.06

3.39
3.67

0

1

2

3

4

5

6

7

8

PS ASDQ_AS OpSysConf Internet Conf

CompuGirl

Control Group

 
 

A significant group main effect indicated that COMPUGIRLS tended to have greater 
academic self-concept and operating system confidence scores than the comparison group. 
The increase in average score between Time 1 and Time 4 was also significant for operating 
system use (p<.001).  

ASDQ-SC:  F (1, 162) = 7.38, p<.05 

CILM Ops Sys Use:  F (1, 162) = 15.93, p<.001 

Discussion 

The participants of the COMPUGIRLS participants did enter the program with less 
exposure to and confidence in their use of computers. The participants, however, did have 
strong stable self-concepts—that is, in general, they thought of themselves as strong capable 
girls. They did lack exposure to technology, however. Over the course of their participation in 
COMPUGIRLS, their technological self-concept grew, as did their academic self-concept, and 
their academic possible selves. The change in these scores was significantly greater than any 
change in the comparison group. This indicates that the participants’ structured engagement 
with technology was significantly more than the girls’ peers across the same period of time. 
Although, still less confident than their peers about their skills in working with the internet – the 
students’ understanding of the selves in technology contexts did improve. We infer that students 
who lack exposure to technology and therefore lack confidence in their use of technology, can in 
a fairly short period of time, change how they see the role of technology in their own lives, and 
can develop a strong and healthy technological self-concept.  

Our findings encourage three suggestions related to motivation, culturally relevant 
practices, and approaches to widening the pipeline for underrepresented girls.  

Suggestion #1: Lack of exposure to mastery experiences and digital media do not 
necessarily translate into participants’ self-concept as technophobic. Digital media enrichment 
programs may do well to initiate their efforts understanding that the populations they wish to 
serve do not necessarily see themselves as technologically or academically disadvantaged. The 
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more immersed COMPUGIRLS became in the program and the more they interacted with 
technology they may have realized how much more they needed to learn. Interestingly, if this is 
the case, it did not affect their self-concept along other lines. Program developers need to 
consider that not knowing a concept may not deter such individuals but pique their interests in 
other areas. 

Suggestion #2: In fact, curricula should draw on the participants’ cultural knowledge 
positioning it as an asset seamlessly integrated into lessons. This requires a considerable 
amount of training for teachers and guidance for participants, as the approach is antithetical to 
most formal learning environments. Additionally, the lack of equal confidence in working with the 
Internet does not seem to depress the burgeoning confidence of seeing themselves as capable 
in other areas. For individuals in general, our self-concept includes how we perceive our 
identities over time and contexts. Elsewhere, we discuss how race, social class, and gender are 
significant features that shape identities for girls of color. Self-concept is fluid and mutable and 
culturally influenced. Capitalizing on this approach seems paramount. 

Suggestion #3: Approaches need to be interdisciplinary. Combing educational 
psychology with concepts from social science (e.g. culturally relevant practices) provides much 
needed space for new approaches such as culturally relevant computing (Gilbert et al., 2009). 
Greater collaborations among researchers and practitioners need to be made when developing 
enrichment programs. Room needs to be left for modifications where participants’ voices 
included in authentic ways.  

Follow-up work should explore how these results change over time. Particularly after the 
sixth course when participants engage in a summer internship and apply their research and 
technology skills in a work setting, a longitudinal study could examine how their self-concepts 
develop in different contexts and the potential impact it may have on their selection of college 
majors.  

In sum, COMPUGIRLS’ participants may not have as much exposure to culturally 
relevant digital media but they are motivated and willing to engage in such a program even with 
limited understanding. Without sustained opportunity to a culturally relevant computing 
experience, we fear that the technology workforce will remain limited. Offering a culturally 
relevant computing experience seems to hold promise for diversifying the pipeline for how can 
one construct an idea of the future without identifying present possibilities? 
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1
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Eric Klopfer, Josh Sheldon, and Louisa Rosenheck, MIT 

 

Abstract: Drawing on a multi-year research and development program, 

the authors report on the promise of integrating locally-focused 

student investigations with ubiquitous access to advanced 

technologies. By doing this, students are better able to see the 

relevance of STEM skills and knowledge as they work to improve their 

local communities. Specific program examples cited show the paradigm 

as it has been implemented with upper elementary and middle school 

students. Contrasting examples show challenges in implementation. A 

four-part framework of essential program elements is offered to guide 

further investigation.  

Overview 

While much technology use in schools is greeted with fanfare, 

transformative impact has been harder to document. In most cases, the 

technology is co-opted to serve the prevailing transmission-driven 

school paradigm. Additionally, there is evidence of a split between 

technology use in and out of school, with many students not seeing how 

the technology they use in school relates to learning or future career 

choices (Selwyn, Boraschi, and Ozkula 2009; Selwyn and Husen 2010) . 

All too often, the end result is that some students end up with a 

great deal of technological expertise that they are not allowed to use 

in school, while others (often from rural and/or socio-economically 

challenged communities) don’t have the same experiences. While 

reduced, the digital divide is still all too present in American 

society. We believe that well-designed formal and informal learning 

experiences can play a pivotal role in bridging both the socio-

economic and relevance gaps. 

Whether embedded in the regular school day or in out-of-school 

settings, STEM-rich experiences that have practical relevance can 

engage students as they build citizenship and workforce skills. As 

students see real-world applications of STEM disciplines, their 

horizons expand. The world becomes more understandable, and they come 

to see themselves as competent learners. Within that broad realm, we 

have found that locally-focused projects are particularly valuable as 

the foundation for students’ learning experiences. In the sections 

below we detail our work with a variety of geospatial, augmented 

reality, and agent-based modeling tools to enhance community-based 

                                                 
1 Correspondence should be addressed to bob.coulter@mobot.org. This material is based 

upon work supported by the National Science Foundation under Grants No. 0639638 and 

0833663. Any opinions, findings, and conclusions or recommendations expressed in this 

material are those of the authors and do not necessarily reflect the views of the 

National Science Foundation. 
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investigations. Most of this work is with upper-elementary and middle-

school students, but we are confident that the general parameters 

extend more broadly.  

Theoretical Framework 

This discussion builds on the general framework of place-based 

education (Sobel 2004; Smith and Sobel 2010) and on uses of advanced 

technologies, arguing that there is potentially a great benefit to be 

realized through their synthesis. As an umbrella concept, “place-based 

education encourages teachers and students to use the schoolyard, 

community, public lands, and other special places as resources, 

turning communities into classrooms” (Place-based Education Evaluation 

Collaborative 2010). Beyond this broadly framed anchoring in the 

local, there are at least two foundational aspects that characterize 

high quality place-based programs. The first is increasing student 

ownership of the projects, as articulated by Hart (1997) in his ladder 

of participation. As Hart points out, having students “involved” can 

mean anything from token involvement up to full collaboration with 

adults in the community. Along with this focus on increasing student 

agency is the goal—at least for environmentally focused projects—of 

helping students become what Chawla (2009) calls “an agent of care for 

the natural world.” Together, these elements root students in their 

community and equip them to make a positive contribution.  
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In tandem with these elements of place-based learning are a range of 

spatially anchored technologies, including geographic information 

system (GIS), global positioning system (GPS), and augmented reality 

(AR) tools. Each of these offers opportunities for students to extend 

their thinking beyond direct experience with the local community. When 

they do this, they create what Gordon and de Souza e Silva (2011) 

refer to as net localities. As they describe it, “net locality implies 

a ubiquity of networked information – a cultural approach to the web 

of information as intimately aligned with the perceptual realities of 

everyday life. We don’t enter the web any more; it is all around us” 

(pgs. 2-3). Thus, there is a real need to help students live in both 

“real” and networked spaces, drawing from both as they define their 

place in the world.  

Fig 1. Integrating place-based education and spatial technologies 

Cross-program research (Duffin, Murphy and Johnson 2008) has found 

that local projects in which students collect measurable impact data 

(e.g. measured pollution mitigation, not just advocacy) lead to higher 

student interest and learning. While some might argue that project-

based learning situated in real contexts takes too much time in an 

over-crowded curriculum, data such as this provides an effective 

counterpoint. Students with meaningful tasks will be motivated to 

engage with complex material more readily, and will be better able to 
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integrate what they are learning into robust conceptual networks. As 

Gee (n.d.) notes, “a large body of facts which resist out of context 

memorization and rote learning comes free of charge if learners are 

immersed in activities and experiences which use these facts for 

plans, goals, and purposes within a coherent knowledge domain.” School 

learning on the other hand often remains detached from any real-world 

consideration, with students going through the motions and generating 

answers with no practical application. Schoenfeld (2010) cites as an 

example the classic school problem in which a given number of people 

need to ride a bus. Knowing that each bus can hold so many people, how 

many buses are needed? As a school math exercise, many students 

respond with a remainder or offer a solution involving fractional 

buses. Anyone solving it as a real problem wouldn’t generate these 

answers, since moving real people doesn’t allow for leaving some 

behind or having partial buses. When we move from the academic to the 

authentic, we can better support student learning.  

Coupled with the benefits of authenticity, in many cases the immediate 

proximity of local contexts fosters greater student interest and 

enables students to take direct action in which they employ their STEM 

skills. Students are much more likely to care about the health of a 

local creek than about abstract considerations of water quality. 

Likewise, mountains thousands of miles away are less interesting than 

the mountains on the students’ horizon. Aside from the potential to 

spur interest, the local context favors taking constructive action. 

While many students are led to advocate and raise funds on behalf of 

saving a distant rainforest or protecting a charismatic but endangered 

species, they can actually get involved in a local native plant 

restoration project. From the standpoint of learning and capacity 

development, we believe—consistent with Hart’s ladder of 

participation—that direct action with constructive mentoring is far 

more educational than advocating that others in a distant land take 

action at the students’ behest.  

To be clear, this focus on the local is not a call for parochial 

worldview. Rather, the local investigations help to build a framework 

that can be used to understand the distant. For example, one of the 

authors of this paper was a teacher whose fourth grade students were 

investigating biomes. Rather than doing a simple cataloging of 

different ecoregions, they began their work in a patch of woods across 

the street from the school, studying life in the temperate deciduous 

forest. Linking field study and classroom work, they used a variety of 

text and online resources to identify species and reconstruct the 

local food web. In parallel with this, they used databases to link 

abiotic and biotic features, over time learning how adaptations favor 

survival. Building on this strong foundation, they were able to use 

this interpretive framework to understand distant regions, culminating 

in multimedia presentations on life in different global biomes 

(Coulter 2000). Framed well, a “local to distant” scope helps students 

to become well-grounded global citizens. 

Research Context 
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This paper builds on the findings of a joint 3-year effort by the 

Missouri Botanical Garden (MBG) and the Massachusetts Institute of 

Technology (MIT) to build students’ STEM engagement through 

technology-enhanced local learning. Supported by the National Science 

Foundation and private funders, MBG and MIT have developed a range of 

projects that leverage geospatial, augmented reality, and agent-based 

modeling tools. Most of these projects also embed service-learning 

opportunities that enable students to apply and extend their learning. 

Examples of recent projects include:  

• Middle school students using preliminary data and ArcGIS to track 

an EF-4 level tornado that struck their neighborhood only a week 

before. Although students had personally seen homes and 

businesses that were leveled, it wasn’t until they mapped the 

tornados to see the path of destruction that real inquiry began. 

Starting with this high-visibility event, they went on to map 

seasonal variation in the likelihood of tornado strikes across 

the country and to investigate real data in depth. Student-driven 

questions included thought provoking queries such as “Texas has a 

lot of tornados, but they also have a lot of land. Is there 

another way to investigate frequency? How does Texas compare if 

we map tornados per square mile?” 

• 6th grade students using agent-based modeling via StarLogo TNG to 

learn about bioretention as a tool for managing storm water run-

off. In the model, students make sense of their efforts to 

improve a local habitat by adding areas devoted to native plants. 

Areas planted with deeper-rooted, native plants are capable of 

absorbing more runoff, mitigating flow into drainage channels. By 

adding virtual native plants into the model and re-running 

scenarios, students are able to model the intended impacts of 

their efforts by compressing time and space. The students also 

gain valuable experience using modeling as a tool for scientific 

inquiry. 

• 4th and 5th grade students learning about water quality in their 

neighborhood park through an augmented reality game. While the 

students had played in the park for years, they hadn’t noticed 

the ecological impact of how people use the park or the impact of 

surrounding businesses. Challenged by an environmental mystery 

created with augmented reality software, students completed first 

hand investigations of the park while “meeting” virtual residents 

and professionals on handheld computers. Meeting back together at 

the end of the investigation, students shared the evidence they 

gathered to determine what was causing a real-life water quality 

concern.  

Program evaluation data indicate that the joint focus on advanced 

technology applications and high-interest local issues can engage a 

broader range of students than more traditional methods. Programs such 

as these correlated with higher levels of student and teacher 
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interest, and gave evidence of students actually using STEM concepts 

and technology skills in their work. The fusion of interesting local 

contexts and opportunities to apply what they are learning appears to 

be creating positive, self-sustaining energy within the program.  

In contrast, other programs we supported failed to achieve this level 

of engagement, remaining in a passive academic mode for teachers and 

students. Even though the program ran in after-school and summer 

settings (and thus, participants were freed from burdensome 

standardization and accountability requirements), the tasks didn’t 

break out of the traditional paradigm of school exercises. Thus, real 

contrasts emerged in our portfolio of schools between the active, 

investigatory programs and more passive ones. On the one hand, we had 

students using geographic information system (GIS) tools to 

investigate socio-economic inequalities in access to healthy food 

while others photocopied local history facts and mounted them on 

construction paper.  

Findings and emerging conclusions 

Given the stark contrast in program outcomes, it is clear that simply 

basing a project in the local community is not sufficient. Rather, it 

is an enabler of certain attributes that are desirable for promoting 

STEM involvement. Specifically, we have found the following to be 

important program elements: 

• Strong adult leadership with appropriate STEM pedagogy 

• Access to local human, physical, and cultural resources 

• Technology resources that enable active investigation and sense-

making 

• Administrative and parental support for active learning 

By far the strongest predictor of a successful program was the quality 

of adult leadership. The programs supported by the MBG-MIT partnership 

all employed teachers to lead after-school and summer programs in 

addition to their “regular” school duties. In the more successful 

programs, teachers embraced what Gee (n.d.) has described as post-

progressive pedagogy, offering “a well-integrated combination of 

embodied immersion in rich experience... and scaffolding and guidance 

[for students].” The key is to move past dry “teaching by telling” on 

the one hand and just throwing kids into experiences on the other. 

Instead, he argues, learners need immersion in experiences and the 

support of more expert guidance. In this context, the expertise needs 

to be both in the relevant content domains and in learning. While one 

could quibble with Gee’s dismissal of progressive pedagogy as not 

providing adequate support, his vision of supported engagement is on 

target. More than simply doing activities, students in our more 

successful programs had a sense of purpose and direction to their 

work, with clear accountability to others who would benefit from their 

work. Programs generating less student enthusiasm were stuck in 
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“school mode,” characterized by a level of passivity among teachers 

and students. Virtually every week needed to be scripted by the 

program staff, with little effort by the teachers to engage in active 

exploration.  

Strong pedagogy on the part of the teacher-leaders is necessary, but 

much more is required for projects to succeed. Leaders also need to be 

able to marshall the physical and human resources that extend the 

range of possibilities. Thus, a stream investigation benefits from 

high-quality testing kits and mapping tools. Likewise, a local food 

project benefits from partnerships with community supported 

agriculture (CSA) groups. Giving student investigators access to high 

quality tools and connections to people working in the field makes the 

project more authentic as “real” tools are used and students can see 

adults in the community who value the work at hand. These adults can 

then become mentors and role models for students forming career 

aspirations. More generally, the addition of tools and people helps 

the project stop being a school exercise. Instead, students are now 

part of a valued community endeavor. 

A third critical dimension we have found is effective use of 

technology to support student inquiry. While virtually anyone today 

can look up facts through search engines, technological enhancement to 

post-progressive pedagogy requires a higher level of commitment on the 

part of teachers and students. Our work has focused on constructive 

uses of geospatial, augmented reality, and agent-based modeling tools, 

but there are many other resources (such as probeware) that offer 

similar benefits if used well. The critical distinction is in how the 

technology supports student thinking. Technology limited to fact 

searching reinforces a learning model of knowledge accumulation. More 

engaging uses of technology can support complex thinking as students 

engage in geospatial analysis, build models, and see their community 

from a new perspective through augmented reality. A key test is 

whether students go beyond simply having more information and toward 

seeing the community differently as a result of technology 

integration. As noted earlier, a net locality has strong integration 

of real and representational environments. 

Fourth, strong administrative and parental support is required. 

Community-based study requires presence in the community. If 

administrative restrictions keep students on the school grounds (or 

worse, in the classroom), projects cannot achieve the level of 

significance envisioned here. For out-of-school projects, parents may 

be called upon to provide transportation to local field sites and help 

with weekend monitoring. Both administrators and parents need to be 

comfortable with the minimal amount of risk involved in field study. A 

creek project, for example, requires proximity to water. Policies that 

prohibit students being near water are counterproductive. All of the 

adults involved need to be comfortable with the concept of “manageable 

risk” (Tulley 2011) and help students to act responsibly in their 

field study.  
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Done well, programs that embed these elements create a fusion of 

energy that helps research teams sustain themselves and provide an 

“identity home” that nurtures students’ STEM identities. More than 

just an enclave for techie nerds, these projects build links between 

students interested in technology (who gain experience in a range of 

STEM fields in which their skills can be applied), and students 

interested in impacting their community (who learn that STEM skills 

enable greater understanding of their community). Over time, students 

who start with dissimilar interests come to appreciate and share 

diverse interests as they create STEM-based inquiry teams.  

Discussion 

While technology-enriched place-based education won’t address every 

curricular need, we have found it a compelling way to frame a wide 

variety of investigations. Viewed more broadly, the underlying 

principles apply in a wide range of learning contexts. Giving students 

opportunities to apply their knowledge in authentic contexts and to 

see how their STEM skills and understanding make a difference are 

essential components of engaged learning. In turn, this enhanced 

engagement is required for 21st century citizenship. 

For all of these reasons, the synergy between place-based education 

and technology holds promise as a strategy for addressing current 

limitations in traditional schooling. Implicit in the work described 

here is a real trust in teachers and students to make good choices. 

Both have to be seen as capable of exercising sound judgment, though 

mentoring is likely to be needed to guide optimal program design. 

Provision of “more able assistance” (Luckin 2010) through mentors can 

help in project design and execution, but there is no substitute for 

giving learners of all ages opportunities to exercise judgment so that 

they can better own the project at hand and build capacity to make 

better judgments in the future. Teacher-proofing and kid-proofing the 

curriculum is all too common today as pacing charts and mandated 

curriculum resources keep everyone following a script. Realizing the 

vision presented here will require a paradigm shift in how we see the 

roles of teachers and students. 
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APPENDIX F: GUIDING QUESTIONS FOR WORKING GROUPS 

The working groups have been designed to provide opportunities for participants to meet in small 
groups and share with colleagues their perspectives on the topics being addressed throughout the 
convening. The intent is to give every attendee the opportunity to influence the content of the 
convening’s final report and make recommendations for future research on this topic. A facilitator for 
each group has been assigned to guide the discussion and to encourage everyone in the group to share 
thoughts and ideas. We have proposed one overarching question and a number of guiding questions to 
be addressed at each of the working group sessions, but groups are welcome to stray into areas of youth 
motivation in STEM that we may not have identified. 
 
Specific tasks for group facilitator: 

 Assign someone in the group to capture essential points of discussion on the provided flip chart 

 Use provided PowerPoint template to create a slide summarizing and presenting key points in the 
report out sessions 

 Use an attendance sheet to record group members  

 Encourage broad participation and the development of recommendations for the report outs 
 
An EDC staff member will be taking notes and will be available for assistance as needed. 
 
Process for the Working Group Sessions  
 
Format: Small groups of participants will meet several times over the course of the convening.  
Attendees will be asked to self-select into one of the of the following groups: 
 
Emerging Research Areas (Facilitator: Cary Sneider) - This group will identify new areas for expanding 
the research agenda in youth motivation in STEM. 
Overarching Question: What new areas of research on youth motivation in STEM should be included in a 
research agenda that informs practice and addresses STEM workforce development demands? 
 
Research Methodologies (Facilitator: Christina Bonney) - This group will discuss existing research 
methodologies as well as the possibilities for rethinking and/or developing new methodologies for 
research on youth motivation in STEM. 
Overarching Question: How should the research community build on existing methodologies and what is 
the role of new, emerging methodologies in advancing research on youth motivation in STEM? 
 
Evaluation Practices (Facilitator: Camille Ferguson) - This group will discuss how evaluation frameworks 
and methods contribute to the development of a research agenda that defines and measures youth 
motivation in STEM. 
Overarching Question: How can existing and future evaluation frameworks and methods contribute to 
the development of a research agenda that defines and measures youth motivation in STEM? 
 
Research to Practice (Facilitator: Anne-Marie Hoxie) - This group will identify gaps in, and suggest 
improvements to, the Research to Practice cycle for youth motivation in STEM. 
Overarching Question: What are the implications for the Research to Practice cycle based on the 
discussions at the convening? What gaps in the cycle, and/or opportunities to improve the cycle, have 
been identified? 
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Saturday Report Out: 

 Use PowerPoint template to provide a summary of the working group’s key points from the day’s 
discussion (no more than 5). These can include: 

o How has the working group answered the guiding questions from each session? 
o What other questions is the group considering? 

 Presentation by working group Facilitator for 5–10 minutes maximum 
 
Sunday FINAL Report Out: 

 The final report out is an opportunity for the working group to shape the convening report and 
make recommendations for future research on youth motivation in STEM 

 Use PowerPoint template to provide a summary of the working group’s key points from the 
overall convening (no more than 5)  

 Presentation by working group Facilitator for 5–10 minutes maximum 

 Will be followed by remarks from 2–3 discussants 
 

Session 1 – Saturday, September 10: Frameworks and Theories of Action & Context White Papers 
Session 
Introductions: Begin by having each attendee share a bit about themselves and what they are hoping to 
contribute to the convening.  
Guiding Questions:  

 How should existing frameworks and theories of action inform future research on youth 
motivation in STEM? 

 How could that research address the role of community, family, and cultural context in the 
motivation to learn? 

 What problems are we trying to solve through these studies of motivation? 
 
Session 2 – Saturday, September 10: Methodologies & Measurement – Successes, Challenges, & 
Strategies  
Check In: Have group members share their thoughts on the afternoon plenary and one idea or question 
from that session they found compelling. 
Guiding Questions: 

 What are the key research questions to be considered about youth motivation in STEM? 

 How are traditional measurement tools being used, and what new forms of measurement are 
emerging? 

 Are there unique aspects of qualitative vs. quantitative methodologies to be considered in the 
area of youth motivation in STEM? 

 What can we learn from what does not work in motivation? 
 
Saturday Report-Out:  
Each group will have an opportunity to report out on the results of their two meetings on Saturday. Be 
sure to set aside 10 minutes to plan the report-out. Please see guidelines on previous page. 
 
Session 3 – Sunday, September 11: Programmatic White Papers Session and Youth Presentations 
Check In: Have team members share any new discoveries from the sessions they attended since the last 
group meeting or from other conversations they have had with colleagues throughout the event. 
Guiding Questions: 
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 How can a future research agenda build on what we know, and what we do not know, about 
programmatic successes? 

 A defining characteristic of this convening has been the incorporation of youth voices, both 
formally and informally. How have the youth presentations contributed to your understanding 
of your group topic? 

 
Sunday FINAL Report Out: 
The final report out is an opportunity for the working group to shape the convening report and make 
recommendations for future research on youth motivation in STEM. Be sure to set aside 10 minutes to 
plan the report-out. Please see guidelines on previous page. 

 


