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Abstract 
 
In 1999, the National Science Foundation Division of Graduate Education began a new project 
called the GK-12 program. These grants are awarded to universities to have graduate students 
and faculty in STEM fields work with teachers, schools, and students to improve STEM 
education. These grants are also awarded with the mission of educating the future industry and 
professorial workforce on the culture and importance of K-12 STEM education. Tufts University 
received its first three-year GK-12 grant in 2000, called “GK-12 Engineering Fellows: A K-12 
Resource for Integrating Engineering, Math and Science.” The project was awarded a three-year 
continuation in 2003 under the name “Tufts Engineering the Next Steps (TENS) GK-12.” These 
projects developed a cohort of over 20 graduate students from various engineering disciplines 
(including computer science), who have worked to infuse engineering into existing math and 
science curricula in K-12 schools.  
 
The model of GK-12 at Tufts University is one of small team work; one Fellow works with 1-3 
teachers--the Fellow serves as a technical resource for the teacher and classroom and the teacher 
serves as an expert about pedagogy and classroom teaching. The Fellow helps to design 
engineering activities that align with science and math curriculum frameworks for all grades. The 
Fellow spends a majority of his/her time co-teaching each class and is therefore exposed first 
hand to the challenges and intricacies of public education.  
 
Evaluation data collected throughout both Tufts GK-12 projects have suggested an apparent 
trend in how the Fellows’ understanding of teaching and schools changes over the course of their 
Fellowship. Furthermore, many of the Fellows report improvement in their communication and 
teaching skills. This paper will investigate further the following hypothesis: Participating in a 
time-intensive outreach program, where Fellows are teaching science, math, and engineering 
concepts, helps engineering graduate students to understand public school environments, develop 
better communication skills, and hone their career plans. 
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Introduction 
 
The state of STEM education in U.S. public schools could benefit greatly from the deep and 
sustained involvement of  industry, government, communities, and perhaps most importantly 
from universities and colleges. One way to achieve this is to break down the line dividing K-12 
education and collegiate academia and to bring some of the many resources that abound in 
universities, especially those related to current science and engineering content knowledge, to K-
12 teachers, students, and classrooms. At the present time, outreach activities in universities are 
increasing, which is helping to create and strengthen this continuum. Questions remain, however, 
as to what constitutes the most effective methods of outreach? If the purpose is not only to 
benefit schools but also college students, what outreach program models have lasting effects on 
both? 
 
At the Center for Engineering Educational Outreach (CEEO) at Tufts University, “to do (STEM) 
outreach” means engaging engineering and computer science in K-12 schools and communities 
using innovative techniques and pedagogies derived from collegiate curriculum, research, 
resources, and teaching. We believe outreach to K-12 schools should be the primary civic focus 
of university community service as education is a primary focus of both institutions. 
Encouraging university students to do outreach can provide the bridge to K-12 education that is 
needed, but also benefits college students.  
 
The National Science Foundation released a program solicitation in 1999 entitled, “NSF 
Graduate Teaching Fellows in K-12 Education,” or simply GK-12.1 Introduced by then director 
Dr. Rita Colwell, GK-12 is intended to promote outreach and service amongst graduate students 
in US universities and colleges. The program synopsis reads:  
 

From the NSF GK-12 Program Solicitation (2004)1 

 
This program supports Fellowships and associated training that enable graduate students 
and advanced undergraduates in science, technology, engineering, and mathematics to 
serve in K-12 schools as resources knowledgeable about both the content and 
applications of these disciplines. Academic institutions apply for awards to support 
Fellowship activities. Institutions are responsible for: 1) selecting Fellows; 2) partnering 
with school districts for placement of Fellows in schools; 3) providing appropriate 
training for Fellows, and 4) designing and implementing an effective mechanism for 
documenting the outcomes of the project. The Fellows serve as resources for teachers in 
science and mathematics instruction. Expected outcomes include improved 
communication and teaching skills transferable to a variety of occupations, and enhanced 
ability to function within and capitalize on working partnerships and teams for the 
Fellows, enriched learning by K-12 students, professional development opportunities for 
GK-12 Teachers, and strong partnerships between institutions of higher education and 
local school districts. 

 
The Tufts University School of Engineering received an initial 3-year GK-12 grant in its 
inaugural year and a 3-year track 2 extension grant in 2003. The second round project is called 
Tufts Engineering the Next Steps (TENS) GK-12 and works with Malden, MA public schools; 
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an urban rim school district. The overall philosophy of outreach in GK-12 at Tufts is one of 
mutual benefit to schools and Tufts students. Fellows serve as a content resource for teachers in 
the classrooms, working with one or more teachers for an entire school year. Fellows integrate 
engineering and computer science into K-12 classrooms by developing activities and lessons that 
focus on the existing curriculum; doing so allows for an easier and more sustainable introduction 
of engineering and computer science concepts in the classroom. Graduate Fellows spend 10 
hours per week working in the classroom and an additional 5 hours per week developing 
curriculum and attending education seminars. These graduate students are not formally trained in 
pedagogy or educational theory, thus a co-principal investigator from the education department 
runs a seminar on these topics for the Fellows once a week. A staff of undergraduate Fellows 
exists to support the efforts of the graduate Fellows, but also spends a smaller number of hours 
(5) in local classrooms as well.  
 
TENS Fellowships are not limited to one-year appointments, but rather Fellows are encouraged 
to participate in the program throughout their graduate career. In this model, the Fellow has more 
time to adjust to the school/classroom environment and thus becomes a better resource for the 
teacher. Additionally, the skills learned by the fellow (teaching, communication, presentation, 
etc…) are better developed with greater time spent in the classroom. This model does result in 
fewer graduate students going through the program, but the benefit to schools and teachers is 
worth the trade-off in Fellowship volume. Furthermore, the support structure design of TENS 
allows for a more successful sustainability of engineering and computer science concepts in K-
12 classrooms.   
 
Currently in Year 2 of the project, there are nine TENS graduate Fellows working in the Malden 
Public Schools. Fellows are placed in grades ranging from 1st through 12th and on average, each 
Fellow works with 3-6 teachers. TENS began with a cohort of 8 teachers who participated in an 
NSF Research Experiences for Teachers project in the summer of 2003. This initial group served 
as the partner teachers in Year 1 and Fellows branched out to other teachers throughout the 
course of the school year. In Year 2, Fellows work with “newer” teachers in the GK-12 program 
(those who spent limited time working with a Fellow in Year 1), and offer peripheral support to 
primary teachers from Year 1. This allows for Year 1 teachers to begin using what they’ve 
learned in terms of integrating engineering and computer science into their classrooms on their 
own, with the support of a content resource near by. By placing the responsibility and motivation 
on the teacher, with support available when needed, there is a better chance these activities and 
methods will continue after the program’s completion in 2006. 
 
There are approximately 120 GK-12 programs across the country, receiving a combined total of 
nearly $60 million in NSF funding each year. Throughout the four years of GK-12, 
approximately 1,000 graduate students have held Fellowships. Each site conducts extensive 
program evaluation about Fellow impacts and benefits, but long-term effects of such an intense 
service program have been largely ignored, in part because the program is young. In fact, there is 
a significant amount of K-12 outreach in both academia and industry, yet in general, formal 
research on the benefits to outreach providers is lacking. National interest and subsequent 
research on the benefits to college students participating in service-learning projects helps to 
support the anticipated benefits of the GK-12 program. Although service-learning research P
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focuses on credit bearing coursework, review of this research literature can provide insight into 
future research directions on the benefits of the GK-12 model of service work. 
 
Definitions of service learning vary. Bringle and Hatcher (1996) define service learning as, 
“credit-bearing educational experience in which students participate in an organized service 
activity that meets identified community needs and reflect on the service activity in such a way 
as to gain further understanding of course content, a broader appreciation of the discipline, and 
an enhanced sense of civic responsibility.”2 According to the American Association of Higher 
Education (2000), experiential education can range from formal internship/cooperative 
experiences to undergraduate research experiences, project-based coursework, laboratory 
experiences, and field trips.3 Over the last 20 years, a shift in engineering education to include 
“softer skills” has taken place. These skills include communication, teamwork, leadership, 
understanding of the diversity of people in engineering, appreciation of the societal impacts of 
engineering, and an ability to apply these skills in engineering careers. Thus service learning 
became the vehicle through which many of these softer skills are taught. In fact, the 
Accreditation Board for Engineering and Technology’s (ABET) criteria for engineering 
programs emphasizes the importance of developing these soft skills. ABET requires, 
“Engineering programs must demonstrate that their graduates have: (1) an ability to apply 
knowledge of mathematics, science, and engineering; (2) an ability to function in multi-
disciplinary teams; (3) an understanding of the professional and ethical responsibility; (4) an 
ability to communicate effectively; (5) the broad education necessary to understand the impact of 
engineering solutions in a global and societal context; and (6) a recognition of the need for, and 
an ability to, engage in life-long learning.4 The need for development of non-technical skills in 
engineering is apparent and supported by the efforts of ABET, AAHE, and even the ASEE 
Engineering Deans Council.5 Service learning, as defined above, has proven to be beneficial to 
students in developing critical thinking skills, problem solving skills, an ability to devise 
multiple solutions to problems, and students who participate in service learning tend to rate their 
coursework experience higher than those that do not.6,7 The benefits of a GK-12 model outreach 
program should align with the benefits of service learning as they are closely related. The 
question that still remains is: does the GK-12 style of community service learning results in long-
term or lasting effects on softer skills and possibly career direction in students? Thus outreach as 
a research topic and not simply a subject of program evaluation emerges as a legitimate research 
direction, arguably separate from the service learning research already conducted. 
 
Evaluation data collected throughout both Tufts GK-12 projects have suggested a trend in how 
the Fellows’ understanding of teaching and schools changes over the course of their Fellowship. 
This trend correlates to the understanding of societal needs and impacts discussed in service-
learning research. Furthermore, many of the Fellows report improvement in their communication 
and teaching skills. This paper will investigate further the following hypothesis: Participating in 
a time-intensive outreach program, where Fellows are teaching science, math, and engineering 
concepts, helps engineering graduate students to understand public school environments, develop 
better communication skills, and hone their career plans. 
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Sample & Methods 
 
The data grounding this paper are derived from two studies. First, we conducted a survey of prior 
GK-12 Fellows, examining long-term effects of intensive outreach work. (The program’s 
longevity of five years provides the outer limit for our time frame.) This instrument was designed 
based heavily on results from our second study—the annual program evaluations from the GK12 
project. Items that Fellows had raised as important or influential in this instrument were probed 
again in the long-term survey.  
 
Long-term effects of participation in the GK-12 program at Tufts were measured using an online 
retrospective survey. The survey focused on three essential questions: 

• What lasting effects on former Fellows, particularly those related to “soft skills” can be 
attributed to participation in the program? 

• How did participation in the project affect career and research choices of the Fellows?  
• Did participation in the GK-12 project result in any ongoing motivations of the Fellows 

to participate in outreach activities? 
 
The survey was administered via the Web to all former GK-12 Fellows who could be located 
(N=13). (The majority of these were no longer students at Tufts). The Fellow response rate was 
85% (n=11) consisting of 7 female subjects and 4 male subjects. Three of Fellows had pursued 
PhD degrees, four Masters Degrees and four Bachelors Degrees. The Fellows were drawn from 
Chemical Engineering (n=4), Mechanical Engineering (n=2), Computer Science (n=3), 
Environmental Health (n=1), and Environmental Engineering (n=1). During their Fellowships, 
all Fellows worked in classrooms ranging from grades 3-8.  36% of Fellows (36%) held 
Fellowships for one year and 64% held positions for two or more years.  
 
Data from the former Fellows surveys were analyzed using simple statistical analysis. 
Qualitative data were reviewed and open-coded for common thematic responses. The resulting 
codes have an interrater reliability of 80%, and are presented in Table 2. Numerical results from 
this study allowed for specific items to be ranked and compared with results of the program 
evaluation study to outline common trends in impacts and benefits on GK-12 Fellows. This 
comparison also provided insight into what impacts and benefits made a lasting impression on 
former GK-12 Fellows. 
 
External program evaluation for the 2003-2004 grant year was conducted by Davis Square 
Research Associates; Somerville, MA. TENS Fellows were surveyed using a retrospective 
pre/post survey method with a Fellow response rate of 100% (n=12). The essential question 
driving the inquiry regarding Fellows was: What is the effect of the GK-12 program on Fellows? 
Participants were asked to recall their familiarity with key features of teaching and their teaching 
skills at the start of the year, then again at the end of the year. These data were analyzed using a 
paired-samples t-test. 
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Results 
 
Former Fellows Study – Impacts of GK-12 on Outreach, Career, and Research 
 
All Fellows (n=11) reported positive impacts regarding their Fellowship positions. Since 
completing the Fellowship, 27% (n=3) of former Fellows have been involved in outreach 
activities. However, of those who have not participated in outreach, 100% (n=7) reported that the 
Fellowship did not diminish interest in outreach and more than half (57%, n=4) have plans to do 
outreach in the future. Six of the responding Fellows have recently graduated and are less than 
one year removed from the Fellowship, thus the lack in continued outreach at this point is not 
surprising. 
 
Regarding career directions as a result of participating in the GK-12 program, four Fellows 
reported that participation in the GK-12 program had an impact on their career plans. Their 
responses included: 

• “I will more likely consider going into teaching later in my career as a result of my GK-
12 experience.” 

• “Yes. Although I do not currently work in a position where I do outreach and work with 
children, I focused a significant amount of time searching for opportunities that would 
have allowed me to continue working with children. I plan on trying to find more 
opportunities that will allow me to continue my work as a GK-12 fellow in the future.” 

• “While my immediate career goals have not changed, I am now considering becoming a 
professor later on in life.” 

• “Yes. I would like to teach engineering at a university level. My experiences with GK12 
exposed me to teaching and education. I enjoy teaching and want to continue doing it.” 

 
One Fellow reported no change in career interest as he/she intended to pursue a professorial 
position prior to participating in the GK-12 project.  
 
One concern often voiced by college academic advisors about the GK-12 is that participation in 
the program will increase students’ time to degree. The majority of our respondents reported the 
Fellowship had no effect on their academic research (82%, n=9), while two Fellows (18%) 
reported that the Fellowship increased the length of time it took to complete their degree.  
 
Former Fellows Study – Impacts of GK-12 on Personal Skills  
 
Fellows were asked to rate the degree to which they felt various skills were strengthened by their 
experience as a fellow. As Table 1 indicates, mean scores for the majority of skill topics were 
relatively high, with the specific skills impacted the most by GK-12 being working with children, 
working with teachers, understanding school culture, oral communication, and understanding 
school culture. 
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Table 1: Impact on Fellows’ Skills (1 = not at all; 10 = a lot) 
 

Mean  
8.4 Working With Children 

8.0 Working With Teachers 

7.8 Understanding School Culture 

7.6 Confidence in Presenting Information 

7.4 Explaining STEM Concepts to the General Public 

7.2 Oral Communication 

7.0 Explaining STEM Concepts 

6.9 Working With School Administrators 

5.4 Time Management 

5.3 Written Communication 

 
These results are further supported by the responses to an open-ended question asking former 
Fellows to report the three most valuable things learned during the Fellowship. The most 
common responses with percentages of respondents mentioning them are as follows:  
 
Table 2: Qualitative Responses from Former Fellows 
 

Understanding K-12 Education % 
 Teaching Skills 60 
 Teaching as a Profession 30 
 Complexity in Education 30 
 Teaching is rewarding 30 
 Politics 20 

Soft Skills  
 Teamwork 40 
 Realization of Personal Strengths 30 
 Communicating technical concepts to people of 

differing backgrounds 
20 

 Presentation skills and methods of teaching 20 
 
Common themes seen in the scored response to which skills were developed (Table 1) and most 
valuable things learned as a result of participating in the GK-12 program are evident: teaching 
skills, understanding of school culture and complexity of teaching as a profession, and teamwork 
with teachers and students. When compared with program evaluation data, these same themes 
remain. 
 
 

P
age 10.883.7



Proceedings of the 2005 American Society for Engineering Education Annual Conference & Exposition 
Copyright © 2005, American Society for Engineering Education 

Program Evaluation Study – TENS GK-12 Program Evaluation 
 
The Davis Square Research Associates report on the TENS GK-12 evaluation yielded results 
pertaining to impacts on Fellows as a result of participating in the GK-12 program that are 
similar to results from the Former Fellows study. Fellows’ were asked to rank their familiarity 
with key concepts in the public education system (i.e. school culture, classroom structure, 
frameworks, etc.), the results are as follows: 
 
Table 3: Changes in Fellows' Familiarity (1=not at all familiar; 5=very familiar) 
 

Mean 
before 
GK12 

Mean 
after 
GK12 

1.92 4.67* 
Massachusetts State Science and 
Technology/Engineering Standards 

2.25 3.92* Developing university outreach programs 

2.73 3.73* 
Leading outreach programs such as hands-on 
activities, presentations, or field trips 

2.09 3.91* Assessing student learning 

2.00 3.92* Developing curricula 

2.25 4.00* Inquiry-based learning 

2.92 4.17* K-12 education system 

3.08 4.67* K-12 classroom environment 

3.00 4.08* Diverse learning styles 

2.58 4.33* Constraints on classroom teachers 

1.83 4.58* 
Integrating engineering/computer science into 
(science/math/elementary) classrooms 

*Significant at p<.05 
 
All areas listed show consistent significant gains in Fellows’ familiarity with the topics listed 
above. In regards to the open-ended responses, DSRA analysis found that Fellows tended to 
attribute importance to particular personal aspects of the experience.8 In particular, Fellows 
consistently cited their newly acquired insights into students and the work of teachers as being of 
greatest value.  
 
Fellows grew in their appreciation for the complexities of working as a teacher.  Consistently, 
Fellows expressed a heightened understanding of and sensitivity toward teaching students.  The 
Fellows observed their partner teachers conducting lessons in environments that were often 
limited by a lack of student interest or preparation.  The Fellows appeared to have worked hard 
to overcome these limitations, bringing new and innovative activities to the classroom. This is 
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consistent with former Fellows who cited understanding the complexity of teaching and students 
as a lasting impact of the GK-12 Fellowship. 
 
Regarding personal skills, or “soft skills”, Fellows’ skill development reported in pre/post format 
are as follows. Fellows were asked to rate how their ability to conduct certain tasks had been 
influenced as a result of participating in the TENS GK-12 program. 
 
 
Table 4: Changes in Fellows' Skills (1= not at all able; 5=very able) 
 

Mean 
before 
GK12 

Mean 
after 

GK12 

2.25 4.33* 

Designing a lesson that is appropriate 
for elementary or middle school 

students 

2.25 4.33* 
Teaching engineering/computer 

science to K-12 students 

2.25 4.25* 
Leading students in 

engineering/computer science projects 

2.92 4.33* Communicating with K-12 students 

2.67 4.25* Communicating with K-12 teachers 

2.33 3.83* Classroom management 

1.67 2.58* 
Engaging faculty or other graduate 

students in outreach efforts 

2.17 4.25* 
Linking engineering/computer science 

to K-12 students’ lives 
Data 

unclear 
Data 

unclear 
Talking about your own research with 

people who know little about it 
*Significant at p<.05 

 
Discussion 
 
The results of both investigations reported herein suggest that GK-12 fellowship positions are a 
positive experience for the Fellows that have held them at Tufts University. A variety of skills, 
understanding, and appreciation for K-12 education and teaching have resulted from 
participation as a GK-12 Fellow and thus the goals for the GK-12 program outlined by NSF and 
the goals of the TENS program have, at this point, been met. Lasting impacts on Fellows from 
previous years expose interesting trends as well. 
 
While few former Fellows have engaged in outreach since concluding their fellowship, of those 
reporting, 37% said they planned to do outreach in the future. Combined with those that have 
done outreach, 64% of former Fellows plan to do outreach in the future. While NSF and the 
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TENS PIs would like that number to be higher, many former Fellows have only recently 
graduated and thus as these individuals establish themselves in their careers we feel this number 
could increase. Of the 11 Fellows reporting, four said the fellowship altered their career plans, 
many citing teaching on the K-12 or collegiate level as possible future occupations. While not 
specifically a goal of NSF or TENS, increased interest in education is a testament to the impact 
the fellowship has on graduate and undergraduate students.  
 
Regarding skills and lasting impacts, the results from both investigations suggest similar specific 
skills and knowledge areas are improved as a result of the GK-12 program. Former fellows and 
those surveyed while currently in a fellowship position report similar personal skills as having 
benefited as a result of participation in GK-12 activities. Fellows surveyed while involved in the 
program reported a statistically significant improvement in ability and familiarity with a number 
of areas as a result of their GK-12 work. The specific skills impacted the most include working 
with teachers and students, presenting material to diverse groups, and oral communication. 
Looking specifically at lasting impacts, understanding school culture and appreciation for 
teaching as a profession appear to stand out in the former Fellows minds. While these scored 
high in Table 1, the coded qualitative data also shows these topics as lasting impressions as a 
result of GK-12 participation. And while the skills listed in both surveys were not participant 
generated, they appear in the open-response questions as well, suggesting validity in the results. 
Thus the skill development that occurs during a Fellow’s work appears, to a degree, to have a 
lasting impact. 
 
Expected outcomes of GK-12 projects according to NSF include, “improved communication and 
teaching skills transferable to a variety of occupations, and enhanced ability to function within 
and capitalize on working partnerships and teams for the Fellows.” Looking at the data presented 
here, GK-12 programs definitely improve teaching and communication skills, while also leaving 
Fellows with an understanding of school culture and the complexities of teaching as a profession. 
However, the results presented here are a pilot study with only Tufts University GK-12 Fellows 
and thus a larger implementation of this study with the nearly 120 GK-12 programs across the 
country could offer interesting data regarding lasting impacts of time intensive outreach 
programs. 
 
Conclusion 
 
The TENS GK-12 project is a time-intensive outreach program that impacts the Fellows 
involved in a variety of ways. The National Science Foundation has clear goals each program 
should meet pertaining to skill development by the Fellow as well as exposure to certain aspects 
of the public education system. The results presented here suggest that the TENS project has 
previously and is currently meeting the goals of developing teaching and communication skills 
while also exposing graduate and undergraduate students to the reality of public education in this 
country. Expansion of this research to gauge impacts and benefits of outreach to all college 
students would provide more information and possibly support the notion that outreach and 
teaching is of benefit to all students. 
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