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Executive Summary  

 
The Nanotechnology Undergraduate Education (NUE) Program was initiated as a component in 
the National Science Foundation (NSF) Nanoscale Science and Engineering (NSE) Program, 
which is part of the National Nanotechnology Initiative (NNI). Since the FY 2003 inception of the 
NUE Program, 159 grants have been awarded providing over $24.7 million in support for 1581 
projects in a variety of Higher Education Institutions (HEIs) to integrate nanoscale science, 
engineering, and technology into undergraduate engineering curricula.  
 
As the NUE Program considers an update to its existing solicitation, the Division of Engineering 
Education and Centers (EEC) in the Directorate for Engineering (ENG) sought program 
evaluation services to facilitate a program-level understanding by addressing the following 
questions: 
 

1. What were the outputs and outcomes resulting from NUE funding?  
2. What departments, colleges have collaborated in these programs?  
3. What was the impact of the program on undergraduate engineering education, as 

reported by the funded projects?  
4. Have the program outcomes been disseminated throughout the academic community?  
5. What was the level of K-12 outreach?  

 
To address these questions, Manhattan Strategy Group (MSG), a DC-based management 
consultancy, analyzed all available project reports and created a database detailing the full NUE 
investment.  Though there are 158 projects within the portfolio, only the 132 completed 
projects funded between 2003 and 2009 will be described within this report. Projects that 
received funding in 2010 and 2011 are still producing outputs and impacts that have yet to be 
reported. Summarized herein are the overall, big-picture findings from our analysis of 
quantitative and qualitative data gathered from the completed 132 NUE project reports.   With 
regard to the five questions, the systematic analysis of these reports revealed the following:  
 

 The outputs most often identified throughout the NUE portfolio included curricular 
enhancements to existing materials and courses, new teaching modules or lessons and 
lab and demonstration experiments. While these were the most documented outputs 
throughout the portfolio, a range of innovative products, including credit-granting 
courses for example, were developed as well.  

 The majority of projects relied on collaboration with colleagues in the same department 
while a number of projects also benefited from faculty collaboration between different 
colleges within the university. In terms of student collaboration, projects brought 
together undergraduates from traditional science and engineering majors as well as arts 

                                                           
1 Although there were 159 projects identified, two of them are a collaborative effort between a community college 

and a four-year university that split funding.  As such, they completed a single progress report for a total of 158 
reports. 
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and business majors in order to engage in the interdisciplinary exploration of 
nanotechnology.  

 The total number of undergraduate students impacted by these NUE programs across 
the seven years of funding was about 34,6802. The impact of the programs on 
undergraduate engineering education (and undergraduate learning, more broadly) was 
measured through internal and/or external evaluation tools. Overall, almost two-thirds 
of the projects utilized an assessment method and just less than one-half reported 
evidence of student learning. 

 The outputs and outcomes from the NUE effort have been disseminated to the 
academic community primarily through traditional scholarly outlets such as journal 
publications and conference presentations. In addition, innovative dissemination 
methods were also used by the majority of the projects and these varied greatly. 

 The level of K-12 outreach varied from no outreach effort to development and 
implementation of K-12-specific activities. Just less than one-half of NUE projects 
provided direct or indirect K-12 outreach including, for example, workshops, fairs, and 
courses.   

 Some reports detailed lessons learned or best practices regarding various aspects of the 
funded projects.  These data revealed themes regarding the importance of hands-on 
activities for students and the necessity of streamlined development of outputs that are 
focused and to the point.  

 
These findings, along with the detailed analyses presented throughout this report, can be used 
by NSF to inform the FY 2013 NUE solicitation and provide opportunities to strengthen the NUE 
program goal of integrating nanoscale science, engineering, and technology into undergraduate 
engineering education.  MSG recommends that NUE program staff consider: 
 

1. Development and integration of a theory of action or logic model into the FY 2013 
solicitation and beyond to define and direct Principal Investigator (PI) efforts toward the 
achievement of articulated program goals and objectives. 

 
2. Implementation of a structured reporting process to improve data collection from PIs 

allowing portfolio-wide reporting capabilities to describe the outputs and impacts 
associated with NUE funding.  

 
3. Articulation of clear expectations for dissemination of NUE Program outputs and 

outcomes, particularly those that leverage existing funded and successful tools such as 
NanoHUB. 

 
4. Consideration of PI lessons learned, best practices, recommendations, and articulated 

needs detailed within completed NUE annual reports.

                                                           
2
 Analysis and quantitative data collection are based on secondary data reported by project PIs, thus each PI’s idea 

and definition of impact varied. The number of students impacted is based solely on PI counts and subsequent 
annual and final project reporting to NSF. 
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The Nanotechnology Undergraduate Education in Engineering 

Program  
 

 
The Nanotechnology Undergraduate Education (NUE) Program was initiated as a component in 
the National Science Foundation (NSF) Nanoscale Science and Engineering (NSE) Program, 
which is part of the National Nanotechnology Initiative (NNI). The NUE Program, established in 
FY 2003, has provided over $24.7 million in support for 158 projects in a variety of Higher 
Education Institutions (HEIs) to integrate nanoscale science, engineering, and technology into 
undergraduate engineering curricula. Funds are provided for projects that will address the 
educational challenges of these emerging fields and generate practical ways of introducing 
nanotechnology into undergraduate engineering education with a focus on devices and systems 
and/or on social, economic, and ethical issues relevant to nanotechnology. The NUE program is 
now completing its ninth year and has thus far provided funding to many diverse types of 
institutions including, for example, community colleges, research universities, and minority-
serving institutions. NUE awards are made in the following three areas: 1) Curriculum/Course 
Development, 2) Laboratories/Modules Development and 3) Ethical/Societal/Economic/ 
Environmental Implications of Nanotechnology.  
 
The types of projects funded across the eight solicitations are fairly consistent but variation 
exists throughout the funding years. In both 2003 and 2004, 34 projects were funded and each 
award received $100,000 whereas from 2005 onwards there have been anywhere from 11 to 
15 projects funded that received $200,000 each (Appendix 1). The evaluation team performed a 
qualitative solicitation comparison in order to understand the progression of the portfolio. 
Freshman and sophomore undergraduates were the focus during the first few funding years; 
however, the later solicitations have broadened focus to include all undergraduate levels. Later 
years also focused on nanoscale engineering with relevance to devices and systems and/or 
societal, ethical, economic, and/or environmental issues surrounding nanotechnology. In the FY 
2007 solicitation, the program changed in title and eligibility requirements.  Project teams were 
to be led by Colleges or Departments of Engineering/Engineering Technology as the lead 
institution and helmed by a Principal Investigator (PI) with a faculty appointment within the 
College/Department of Engineering/Engineering Technology. A complete solicitation 
comparison regarding the salient themes and foci of the program can be found in Appendix 2.  
 

Introduction  
 
 

As the NUE Program considers an update to its existing solicitation, the Division of Engineering 
Education and Centers (EEC) in the Directorate for Engineering (ENG) sought program 
evaluation services to facilitate a program-level understanding of the outputs and outcomes, 
interdisciplinary collaborations, impacts on undergraduate engineering education, 
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dissemination efforts, and K-12 outreach efforts made by the projects (Appendix 3). EEC staff 
will use data from this systematic analysis of NUE reports to guide revisions to, and next 
directions for, the program in FY 2013 and beyond.  
 
This report presents the findings from Manhattan Strategy Group’s (MSG) analysis of the 
completed 132 NUE projects. The coding and evaluation processes utilized were tested through 
the feasibility study that MSG conducted during Phase 1 of this project.  Results of the analysis 
demonstrated the feasibility and reliability of the four-phase approach initially proposed 
through a systematic review of 23 randomly selected NUE projects using the developed and 
vetted data collection tool (Appendix 4). All analyses that follow are intended to inform NSF 
program recommendations that fulfill the stated needs and objectives as described in the 
Statement of Work (SOW) and subsequent meetings and discussions with program staff.  
 
This report is designed to be used in conjunction with the NUE dataset that was designed and 
populated during the data collection phase and subsequently analyzed by MSG. The dataset, 
which was designed in Microsoft Excel 2010, contains data and descriptions of coded items for 
each of the NUE projects examined. It was used throughout each phase of the MSG analysis and 
copied onto a CD to facilitate data-sharing. The ‘NUE DATA SET’ file, contains two sheets: ‘How 
to Use This Workbook’ (with instructions for sheet use, searching capabilities, ordering data, 
etc.) and the 'Master Coding' sheet (full dataset, with numeric counts per coding item and 
associated descriptions in the column to the right.) Projects are listed within the dataset with 
identifying information such as Award ID, organization, etc. in the first few left columns. 

Scope of Work  
 

The EEC within the ENG Directorate sought program evaluation services for the analysis of NUE 
project reports in order to address the following questions:  

1. What were the outputs and outcomes resulting from NUE funding?  
2. What departments, colleges have collaborated in these programs?  
3. What was the impact of the program on undergraduate engineering education, as 

reported by the funded projects?  
4. Have the program outcomes been disseminated throughout the academic community?  
5. What was the level of K-12 outreach?  

 
To address these evaluation questions the EEC requested the analysis of the NUE project 
reports in four (4) phases (see Figure 1):  

 Phase #1: Draft Plans. In addressing these questions the evaluation team proposed an 
analysis plan and work-plan appropriate for each question. An appropriate timeline for 
the evaluation was developed. The draft evaluation plan addressed which of the above 
questions can be answered with reasonable certainty and with the data that were 
available in the reports indicated and suggested changes/alternatives for those that 
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were deemed too difficult or time-consuming to address. The draft was submitted to 
NSF and reviewed before the second phase commenced. 

 Phase #2: Data Collection. MSG was responsible for data collection as well as organizing 
and archiving the data. Data collection consisted of the compilation of annual, final, and 
evaluation reports from the projects. Analytic coding schemes were developed for 
analysis and shared with NSF. All data have been shared with NSF. A quarterly report on 
the progress was presented to NSF. 

 Phase #3: Present Results. At the completion of the data collection and initial analysis 
periods, MSG and NSF staff met to discuss the preliminary results. The MSG team 
presented the results, highlighting how data were classified/organized and what the key 
findings of the study were. At this time NSF staff made suggestions for what elements of 
the data/findings were most interesting for the final report. 

 Phase #4: Final Report. This report presents findings from the analysis of the completed 
132 NUE projects. 

 
 
Figure 1. The Four Phases of the NUE Evaluation 

 
 

Methodology 
 
 
MSG proposed conducting a feasibility analysis to inform the project’s analysis plan, evaluation 
plan, and work-plan. Following the kickoff meeting with EEC staff, MSG obtained the list of NUE 
grants awarded and their corresponding Award IDs. Since the FY 2003 inception of the program, 
159 grants were awarded providing over $24.7 million in support for 1583 projects. 
 
The 158 NUE projects that comprised the portfolio funded to date were entered into a 
database and categorized by Award ID, title, organization, start and end date, award amount, 
solicitation, program, and brief abstract. Using these categories, an initial random sample of 20 

                                                           
3 Although there were 159 projects identified, two of them are a collaborative effort between a community college 

and a four-year university that split funding.  As such, they completed a single progress report for a total of 158 
reports for 159 projects.  From this point forward, all references to number of projects will be 158 not 159. 

Phase 1: 
Draft Plans 

 

April 2012 

Phase 2: 
Data 

Collection 

June 2012 

Phase 3: 
Analyze & 

Present 
Results 

July 2012 

Phase 4: 
Final 

Report 

 

September 2012 
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projects was selected for analysis. Using an iterative review process, the list of projects was 
reviewed with NUE program staff and representativeness was discussed. Three additional 
projects were added to the feasibility analysis set during the review process to ensure inclusion 
of a 2-year college project as well as a Historically Black College and University (HBCU) and a 
small college. 
 
Concurrently, the team developed the initial draft data collection tool that was used to address 
the SOW questions. In addition, the tool reflected an analysis of the eight NUE solicitations and 
additional information obtained from NUE program staff to ensure that it captured each 
element of interest. The data collection tool was then revised, guided by the analysis of the 23 
randomly selected NUE projects. During this revision and review period, the team met and 
analyzed the degree to which the initial draft tool(s) collected appropriate data from the 
random sample of reports. Data collection decisions were made internally by the MSG team 
and incorporated suggestions that resulted from several in-depth discussions with NUE 
program staff. The team considered and extensively assessed factors such as the availability of 
the requested data and their prevalence across varying project years. Additional data elements 
that were identified during the initial review of the reports and that informed questions from 
the SOW were also identified. The team used the final draft data collection tool to review the 
23 randomly selected NUE reports. The final iteration of the data collection tool as well as the 
systematic instructions for each coding item are located in Appendix 4. 
 
After NSF approval of the feasibility analysis and proposed data collection process, the MSG 
team members coded the remaining 136 projects in the NUE portfolio using the same process 
and team from the feasibility analysis. Coders divided the projects into weekly assignments that 
spanned an eight-week coding period.  The team met every two weeks to ‘consensus code’, 
ensuring that results and data collected amongst coders was consistent and accurate. The 
bimonthly team meetings yielded one coding sheet per project with data that were validated 
and reliable across coders.  
 
Information was gathered and coded from NUE annual and final reports and select data were 
gathered from project proposals. Coders marked a ‘1’ for the documentation of an item 
without any sort of description or detail and a numerical count of items when available. For 
example, a ‘1’ is recorded in the data collection tool when a proposal or a report lists that the 
project intends to produce or produced teaching modules but does not specify the amount of 
modules or any other details. A ‘4’ would be recorded if the PI reported that four modules were 
created and the titles, if available, would be listed in the description section of the tool. A ‘1’ 
would also be used in coding sections such as ‘Under-Represented Minorities’ or ‘Further 
Interest in Nano Education.’ The coding of a ‘1’ in these sections simply means that the project 
reached under-represented minorities or engaged students enough to get them interested in 
pursuing further nano education, as details and numerical counts associated with these data 
were scarce. Therefore, a ‘1’ could represent documentation of an item as well as a count of 
one output if appropriate. 
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Throughout the data collection process, and while consolidating data into one database, the 
MSG team documented themes that may be of interest for further exploration. These themes 
are presented in Appendix 5. 
 
After the coders compiled the consensus coding for each project, each data sheet was recorded 
into one database in order to conduct analysis across the 158 projects of the portfolio.  
Preliminary analysis consisted of generating counts, ranges, inventories, the presence of various 
items of interest, aggregated scales of variables of interest, and comments. This comprehensive 
database was used to form the NSF NUE output inventory and also served as the basis for the 
subsequent final analysis dataset informing this report.  
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Analysis Strategy and Findings 

 
After numerous conversations between NSF staff and evaluation team members, it was decided 
that only completed projects (i.e. those with both annual and final reports) would be analyzed 
for the purposes of this report. Projects that received funding in 2010 and 2011 are still 
producing outputs and impacts that have yet to be reported. Analyzing 132 projects from 2003 
to 2009 will give NSF the most accurate depiction of their portfolio investment. If the analyses 
included these incomplete project reports, the findings presented herein would be an 
underrepresentation of NUE outputs, collaborations, impacts, etc.  Nonetheless, coders have 
collected as much information from the 2010 and 2011 reports as possible and have included it 
in the database for internal NSF analysis. Details regarding which and how many proposals, 
review analyses, and annual and final reports have been captured from eJacket4 and used 
throughout the coding process were internally tracked. 
 
Throughout this section, a number of tables have been prepared (Tables 1-6) that present data 
collected regarding outputs, collaborations, impact, dissemination, and K-12 outreach data. In 
each table, the “# Projects Present” column represents how many projects the particular coding 
item was documented in out of the 132 projects from 2003 to 2009. Further, the “% of Projects 
Present” column represents what percentage of projects, of the 132, included the respective 
coding item. Finally, the “Total # Across 132 (Range of Presence)” column lists the number of 
items documented across the 132 projects and range of the item’s documentation. For 
example, data presented in Table 1. within the Curricular Enhancements row represent the 
following: across the 132 projects, 106 (80%) of the projects included some sort of curricular 
enhancement, and across those projects a total of 308 curricular enhancements have been 
produced with projects reporting as few as one enhancement to as many as 16 enhancements.  
These data are based on the 132 project reports which do not include results from select 2010 
and 2011 projects as these ongoing projects have not submitted final reports, as mentioned 
before. A full portfolio view of each coding section of the Data Collection Tool presented by 
year is presented in Appendix 7.    
 

What were the outputs and outcomes resulting from NUE funding?  
 
Throughout the NUE portfolio, a variety of outputs have been documented. The outputs most 
often identified included curricular enhancements to existing materials and courses, new 
teaching modules or lessons and lab and demonstration experiments. While these were the 
most documented outputs throughout the portfolio, a range of innovative products, including 
credit-granting courses for example, were developed as well.  

                                                           
4 Electronic Jacket, or eJacket, is a Web-based, interactive, real time system used by NSF to process proposals from 

receipt though post award processing (Meserve, L. (2007). eJacket Privacy Impact Assessment, Version: 1.0. 
National Science Foundation) 
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The ‘Outputs/Outcomes’ section of the data collection tool allowed MSG to create an inventory 
of the NUE program outputs as represented across these 132 projects. The 132 projects have 
jointly yielded 341 lab and demonstration experiments, 314 teaching modules or lessons, 308 
curricular enhancements, 170 credit granting courses, 141 classroom materials such as syllabi 
or lab manuals, 62 workshops or seminars, 28 web-based learning tools, 26 new degree or 
certificate programs, 21 pieces of hardware or devices, 13 pieces of software, and 52 other 
outputs that could not be categorized, such as a student-run nano enterprise program. These 
data are presented in Table 1 below.  
 
Initially when student research was coded, the team counted each student that was involved in 
research across the portfolio, which included over 1,000 students. After further discussion 
between coders and with NSF staff, this item was adjusted to a count of programs that included 
students involved with research (n=109). Counting each student who was involved in research 
as an individual output does not accurately depict the numerical outcomes of the program, 
although the data of each individual student was captured and can be found within the coding 
database.  
 
It is worth noting that more often than not, a curricular enhancement included one of the other 
outputs that a project produced. For example, if a chemistry major course curricula was 
enhanced with three new nano classes, both a curricular enhancement and the three nano 
courses were recorded in the respective sections. If a nano lab was inserted into an engineering 
laboratory course, the lab was counted in its respective section as was the curricular 
enhancement. Descriptions of how these outputs were operationalized by the evaluation team 
for coding can be found in Appendix 4.   
 
When examining the variation across the 132 projects regarding the types of outputs and 
outcomes that have been produced as a result of NUE funding, it is apparent that there is 
variation across the projects regarding the outputs produced. For example, while only 13 (or 
less than 10% of) project(s) produced software and/or hardware or devices, there is no metric 
by which to contextualize this finding. As there is no conceptual framework or theory of action 
included with the SOW and/or the solicitation articulating the expected software and/or 
hardware device production there is no context or metric within which to quantify successes of 
this, or any ‘type’ of NUE funded outputs/outcomes.   
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Table 1.  NUE Outputs and Outcomes5 

 # Projects Present % of Projects Present Total # Across 132 
(Range of Presence) 

Curricular Enhancements 106 80.3% 308 (1:16) 

Teaching Modules/ 
Lessons 

85 64.4% 314 (1:18) 

Credit Granting Courses 96 72.7% 170 (1:8) 

Lab and Demonstration 
Experiments 

106 80.3% 341 (1:14) 

New Degree/Certificate 
Program 

25 18.9% 26 (1:2) 

Classroom Materials 77 58.3% 141 (1:21) 

Web-based Learning Tool 28 21.2% 28 (1) 

Workshop, Seminar, etc. 34 25.8% 62 (1:9) 

Student Research* 109 82.6% 109 (1) 

Software 13 9.8% 13 (1) 

Hardware/Devices 14 10.6% 21 (1:5) 

Other Outputs 45 34.1% 52 (1:2) 
*Data from NUE Project Annual and Final Reports 

 
The range of documentation of each type of NUE output and outcome has been included in the 
tables of this report to highlight the degree to which the 132 projects that produced curricular 
enhancements, for example, documented varying numbers of enhancements. In this case while 
109 (80%) projects produced curricular enhancements, the ranges presented illustrate that the 
majority of the projects produced one enhancement, while more projects produced two to four 
enhancements (Figure 1). Again, with no a priori expectations regarding the quantity of outputs 
expected, there is no metric by which this evaluation can discuss this in terms of project 
success. 
 
These data regarding variation may be useful for NSF program staff to correlate with other 
measures of project success to examine the relationship, if any, between project quality and 
quantity of resources output. The variation across projects in terms of the most produced 
outputs (student research, curricular enhancements, lab and demonstration experiments, 
teaching modules/lessons, and classroom materials) is presented in Figure 1 below. 
 

  

                                                           
5 ‘# Projects Present’ represents how many projects (of the 132 coded) the particular coding item was documented 

in. ‘% Projects Present’ represents the percentage of projects (of the 132 coded) the particular coding item was 
documented in. ‘Total # Across 132 (Range of Presence)’ lists the number of respective coding items documented 
across the 132 projects coded and range of item’s documentation. 
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Figure 1. Variation in the Number of Outputs Produced by NUE Projects in Select Areas 

 

What departments/colleges have collaborated in these programs?  

 
The majority of projects relied on collaboration with colleagues in the same department while a 
number of projects also benefited from faculty collaboration between different colleges within 
the university. In terms of student collaboration, projects brought together undergraduates 
from traditional science and engineering majors to arts and business majors in order to engage 
in the interdisciplinary exploration of nanotechnology.  
 

Data used to describe collaboration include the departments/programs from which the project 
draws students, whether departments/colleges collaborate to provide resources such as 
instructors, staff, or facilities for the project, and the extent of collaboration (e.g. if it is across 
two departments within a college, across colleges, or across institutions). Data highlighting the 
extent of indicated collaborations are presented in Table 2.  

Table 2.  NUE Collaborations 

 # Projects Present % of Projects Present Range of Presence 

Students  88 66.7% (2:11) 

Faculty-Multiple 
Departments in a college 

108 81.8% 
(2:11) 

 

Faculty-Multiple Colleges 
in a University 

81 61.4% (2:7) 

Faculty-Multiple 
Universities 

37 28.0% (2:7) 

Faculty-Multiple 
Campuses in a System 

10 7.6% (2:6) 

Other 80 60.6% (1:17) 

Organizational Partners 51 38.6% (1:7) 
*Data from NUE Project Proposals and Annual and Final Reports 
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It is worth noting that with regard to faculty and student collaborations, MSG only collected 
data if individuals from two or more different departments or subjects collaborated on the 
project. For example, collaboration information was captured if faculty from Mechanical, 
Industrial, and Chemical Engineering departments worked together to create an output; 
however, collaboration was not captured if only two members of the Chemical Engineering 
faculty were involved. Nanotechnology is interdisciplinary and the multidepartment and multi-
school collaborations are essential in order to successfully and deeply integrate the new subject 
into undergraduate classrooms. Moreover, the ‘Organizational Partners’ were pulled strictly 
from the associated sections in the annual and final reports, while ‘Other’ collaborators were 
any other partners that could have contributed to the nano-effort such as evaluation and 
testing centers on campuses, local laboratories and research centers, or Deans of Students.  
 

What was the impact of the program on undergraduate engineering education, 

as reported by the funded projects?  

 
Impact throughout each NUE project was determined by assessing both quantitative and 
qualitative items. In order to assess the impact of the NUE program on undergraduate 
engineering education (and undergraduate learning, more broadly), the following indicators 
were of interest: student assessment or evaluation, workforce development efforts, 
enhancement of interest in further nano education, attempt to reach underrepresented 
minority groups, and reported number of students who participated in the project components. 
These data are presented in Table 3. It should be noted that the analysis and data collection are 
based on secondary data reported by project PIs, thus each PI’s idea and definition of impact 
varied. The data that were collected represent the most precise and accurate measurement 
possible to create an evidence-based analysis and accompanying report. 
 
Table 3.  NUE Program Impact 

 # Projects Present % of Projects Present Total # Across 132 
(Range of Presence) 

Quantitative Impact  105 79.5% 34,680 (6:5,500) 

Assessment/Test 
Included 

82 62.1% 82 (1) 

Evidence of Student 
Learning from 
Assessment 

57 43.2% 57 (1) 

Workforce Development 57 43.2% 57 (1) 

Further Interest in Nano 
Education 

63 47.7% 63 (1) 

Underrepresented 
Minorities  

64 48.5% 64 (1) 

*Data from NUE Project Annual and Final Reports 

Over the seven years of funding, a total of 34,680 undergraduates participated in the NUE 
programs. Outputs affected varying numbers of students, as indicated by the documented 
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range across the 132 projects. For example, one project reported impacting six students and 
another reported impacting 5,500 students. Given this range, it was clear that the 132 projects 
had differing abilities to “reach” students.  

 

An assessment tool was utilized by 82 of the 132 projects. Methods of assessment primarily 
included pre- and post- tests, student evaluations or post-test only. Additionally, 57 projects 
reported generating evidence of student learning. The methods by which student learning was 
measured, as reported by PIs, included calculating differences between pre- and post-test 
scores (growth), student self-report of the learning effects they experienced as a result of 
interacting with the outputs, as well as anecdotal evidence.  

 
It is important to note that assessment and quantity of students were the strongest indicators 
of impact reported by PIs in the reviewed reports. Evidence provided regarding the impacts of 
the NUE projects on workforce development, further interest in nano education, and attention 
to underrepresented groups was limited at best. Attempting to address the impact of these 132 
projects on student learning, further interest in nano education, and other impacts using the 
document review methodologies associated with this evaluation were limited. Furthermore, as 
stated before, each of the items in this impact section, except for ‘Quantitative Impact’, were 
coded with a ‘1’ or a ‘0’. Coders would mark a ‘1’, for example, if there was a mention to the PIs 
making a concerted effort to reach underrepresented minorities with the outputs of the project 
and a ‘0’ if there was no such mention. 
 
Some reports (n=79) detailed lessons learned or best practices regarding various aspects of the 
funded projects.  Specifically, 26 of the 132 project reports included PI reflections on student 
learning and commitment to nano.  Analysis of the qualitative data yielded eight unique topics 
(Table 4) that were raised by PIs; however, the two major areas of discussion were the 
importance of hands-on activities (n=11) and the challenges students (and faculty) had with 
learning via existing textbooks (n=6).  With respect to hands-on activities and student learning, 
one PI remarked, “The driving question that was set for this module was a little too obscure 
where the hands-on activities had an indirect impact.” Another PI noted, “Students also 
appreciate hands-on learning using the portable AFM and STM instruments.”  Similarly, a final 
example of the impact of hands-on activities includes the following PI statement:  

 

The pilot program taught us a lot about using mentoring software with hands-on 

lab training. We have now split that goal into two separate projects -- one 

successfully completed project (FFEWSE) where we go into the classroom for 

hands-on demonstrations, and one where we will be using Meemli mentoring 

software with students to learn basic concepts in fluids and nanotechnology. 

 

PIs were also clear about the lack of materials available for teaching nano courses.  Six 
discussed materials broadly including the difficulty finding textbooks that were accessible to 
students and that were easy to teach from, while others discussed the challenges associated 
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with developing a course-pack or other materials as a way to circumvent using a textbook 
altogether.  For example, one PI noted, “There are no good text books available to cover the 
topics described in the nanoelectronics syllabus she will teach in the fall of 2011, and therefore 
prepared extensive material for the students.”  In terms of accessibility of the text one PI noted: 
  

In reference to the text, students and faculty both believed that there are quite a 

few typographical and grammatical errors, there needs to be more problem-

based exercises for students to apply the concepts to real-world problems, and 

that a few of the topics/subject areas may need to be rearranged to be 

introduced in a different chapter. 

 

Providing courses that allow students hands-on access to learning as well as providing written 
learning materials that are accessible to students and are useful to faculty are particularly 
important strategies, according to the project PIs, that are associated with more successful 
programmatic results. 
 
Table 4.  Eight Topics of PI Reflection Regarding Improving Student Learning 

Topics Noted: # Projects Present (out of 26) 

Importance of hands-on activities 11 

Challenges associated with existing materials 6 

Lack of student preparedness/ pre-requisites for class 4 

Importance of small class size 3 

Participating in research courses leads to better science grades 3 

Early exposure to nano increases overall student interest and 
commitment 

2 

Challenges associated with using active learning 1 

Using smaller tasks/assignments to build larger research goals 1 

 

Have the program outcomes been disseminated throughout the academic 

community?  

The outputs and outcomes from the NUE effort have been disseminated to the academic 
community in a variety of ways (see Table 5). The most utilized dissemination methods were 
traditional scholarly outlets, such as journal publications and conference presentations. In 
addition, innovative dissemination methods were also used by the majority of the projects and 
these varied greatly. 
 
If an intention of the NUE program is to have the NUE project outputs and outcomes adopted 
(and/or replicated) at other institutions, it is possible that the traditional methods of 
dissemination may be inadequate. One of the projects had modules adopted at 1,000 other 
universities by releasing various modules and lessons online and accessible via downloading. 
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However, this project is an outlier and demonstrates the potential reach of the NUE resources 
when disseminated via appropriate, accessible online platforms. It is important to note that 
about 19% of projects disseminated project findings at a workshop, which is a commonly used 
platform for scalable efforts. The ‘Other’ outputs contained any number of different efforts 
from making curricula available to the public to implementing a marketing campaign on 
campus.  
 
Table 5.  NUE Program Dissemination 

 # Projects Present % of Projects Present Total # Across 132 
(Range of Presence) 

Journal Publication 79 59.8% 408 (1:159) 

Conference Presentation 77 58.3% 360 (1:18) 

Workshop 25 18.9% 44 (1:6) 

Teaching Module Used at 
Other University 

20 15.2% 1,040 (1:1,000) 

Website 84 63.6% 106 (1:5) 

Other 98 74.2% 359 (1:19) 
*Data from NUE Project Annual and Final Reports 

 

What was the level of K-12 outreach?  

 
The level of K-12 outreach varied amongst projects within the NUE portfolio. While some 
projects reported no K-12 outreach efforts, just less than one-half of NUE projects provided 
direct or indirect outreach to K-12 students including, for example, workshops, fairs, and 
courses.   
 
In order to capture the extent of the K-12 outreach efforts, quantitative data regarding the 
number of non-college teacher participation in NUE-funded activities were tallied. In addition, 
the outreach efforts targeting K-12 students were also captured. These data are presented in 
Table 6. It is important to note that this evaluation question is the only one from the SOW that 
cannot be traced directly back to any of the solicitations as a project requirement as articulated 
by NSF. Despite the low percentages of projects reporting on K-12 outreach as compared to 
other evaluation questions of interest, K-12 outreach was not a required, or even suggested, 
NUE project component. Therefore, it is promising that the practitioners within the NUE 
community see the benefits of including K-12 populations in their outreach and dissemination 
efforts within the community. 
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Table 6.  NUE Program K-12 Outreach 

 # Projects Present % of Projects Present Total # Across 132 
(Range of Presence) 

Teacher Impact 34 25.8% 900 (1:190) 

Workshop 25 18.9% 36 (1:5) 

Course 3 2.3% 3 (1) 

Fair 0 0 0 

Other 27 20.5% 33 (1:3) 

Student Impact 53 40.2% 8,255 (1:1,200) 

Workshop 22 16.7% 60 (1:30) 

Course 6 4.5% 6 (1) 

Fair 6 4.5% 6 (1) 

Promotes Further 
Interest in Nano 

32 24.2% 32 (1) 

Underrepresented 
Minorities 

28 21.2% 28 (1) 

Other 72 54.5% 132 (1:11) 
*Data from NUE Project Annual and Final Reports 
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Summary and Recommendations 
 
 
This report presents the findings from the analysis of 132 completed NUE projects.  The results 
show quantitative and qualitative outputs/outcomes, levels of collaboration, reported project 
impacts, dissemination efforts, and K-12 outreach. Specifically, a number of outcomes/outputs 
were developed according to the 132 project reports; 341 labs/demonstrations were created, 
308 curricular enhancements were developed, 170 credit-granting courses were instituted, 141 
projects created classroom materials, and 109 projects provided student research 
opportunities.   Collaborations were also high within respective colleges with 108 of the 
projects indicating working with colleagues within their home institution department.  
Dissemination of the outputs/outcomes and/or lessons learned primarily occurred through 
journal articles and conference presentations. 
 
In total, 34,680 students were affected by the NUE investment between 2003 and 2009, with 
82 projects reporting use of an assessment or test to measure program impact.   

   
In addition to documenting the products associated with the 132 completed projects, the 
findings and detailed analyses presented throughout this report can be used by NSF to inform 
the FY 2013 NUE solicitation and provide opportunities to strengthen the NUE program goal of 
integrating nanoscale science, engineering, and technology into undergraduate engineering 
education.  MSG recommends that NUE program staff consider: 
 
1.  Development and integration of a theory of action or logic model into the FY 2013 
solicitation and beyond to define and direct PI efforts toward the achievement of articulated 
program goals and objectives.   
 
Through the methods described herein the evaluation team has produced an inventory of the 
outputs created by the NUE funding from 2003 to 2009.  Addressing each of the evaluation 
questions has provided a systematic and objective assessment of the portfolio in terms of 
outputs, collaborations, dissemination and outreach efforts.  With these data, the NSE program 
staff can describe with confidence what their $24.7 million dollar investment has yielded.  
However, despite the impressive contributions to undergraduate engineering education that 
have been made regarding nanotechnology, there is no context within which to evaluate the 
degree to which this is sufficient or lacking, successful or unsuccessful.   
 
As the NUE program staff considers an update to the FY 2013 solicitation, the MSG team 
recommends developing a theory of action or logic model for the NUE program.   
 
A theory of action, sometimes called a program theory, is an explicit statement of how program 
operations are supposed to lead to desired program effects.  A logic model is a graphic 
representation of the theory of action that shows how program inputs (design features, 
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resources) enable actions (activities) that lead to outputs contributing to outcomes on desired 
program effects.  Logic models provide more detail than the big-picture theory of action and 
typically help program designers focus on the interconnections and contexts of the systems 
within which they seek to affect.   
 
Presentation of either a theory of action and/or a logic model within the FY 2013 NUE 
solicitation would provide PIs and other stakeholders insights into how their project’s resources 
could enable activities that would yield outputs that contribute to a larger program effect 
across NUE.  This theory of action would detail, at a minimum, high level program outcome 
targets (i.e. dissemination of ‘X’ resources to support NUE, student research opportunities for 
5,000 students, creation of five new nanotechnology textbooks, etc.).  Future evaluation efforts 
would be able to utilize these data to quantify the degree to which new NUE funding is 
sufficient and/or successful. 
 
Though this evaluation report cannot speak to the success of the portfolio at meeting its goals 
and objectives, the data produced from the review of program reports will allow NUE program 
staff to use these important programmatic data to understand what has been accomplished 
and what is accomplishable to empirically inform the creation of the theory of action/logic 
model.  Additional analyses of these data by NUE program staff can help guide program 
implementation, refinement, and future budget justification efforts.    
 
Should the NUE staff seek to gradually scale to a portfolio-wide theory of action/logic model, 
the FY 2013 reviewers could be tasked with creating a working version of such a model that 
could be pilot tested in 2013-2015.  Reviewers could conduct their normal review procedures 
and then submit a synthesis of what they think the projects they recommended for funding 
would be able to collectively contribute to NUE as a whole.  PIs could be presented with a list of 
the top three or five contributions and detail within their annual and final reports the degree to 
which they feel their project contributed to the program goals and objectives.  This process of 
theory of action/logic model creation could also be tasked to a workshop that would include 
previous/current NUE PIs that demonstrated predetermined outputs/outcomes, collaborations, 
impacts, outreach efforts, etc. 
 
 
2.  Implementation of a structured reporting process to improve data collection from PIs 
allowing portfolio-wide reporting capabilities to describe the outputs and impacts associated 
with NUE funding.  
 
The degree to which PIs report quantitative and qualitative documentation of their project’s 
outputs and outcomes, collaborations, quantitative impacts, and dissemination efforts varies 
tremendously. Some PIs are verbose in their reports, richly detailing their efforts and outcomes, 
while others provide scant explanations of their actions. Across all the projects no clear 
operationalization or convention of what constitutes ‘impact’ versus ‘awareness’ was 
empirically found. 
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Adoption of a formalized data collection process would improve future capabilities of ENG staff 
to make programmatic decisions based on data. Adopting a structured reporting process to 
guide PI reporting would allow important program inputs, activities, and outputs to be 
described in a standardized, appropriate manner to justify funding within a variety of contexts. 
The NUE program must consider leveraging existing tools to standardize and facilitate these 
recommended data collection efforts through either the use of NanoHub and/or a modified 
data collection tool.    
 
3.  Articulation of clear expectations for dissemination of NUE program outputs and 
outcomes, particularly those that leverage existing funded and successful tools such as 
NanoHUB. 
 
In order to make a far reaching and long lasting impact on the discipline, dissemination of the 
project outputs and outcomes is essential. Twenty-one projects had modules or materials 
adopted at other universities. Encouragement by NSF for PIs to disseminate their project 
outputs/outcomes, modules, courses, labs, etc. will result in a higher return on investment and 
efficient use of NSF funds.  If an intention of the NUE program is to have the NUE project 
outputs and outcomes adopted (and/or replicated) at other institutions, it is possible that the 
traditional methods of dissemination (i.e. journal articles and conference presentations) may be 
inadequate. Consideration of projects that have demonstrated the potential reach of the NUE 
resources when disseminated via appropriate accessible online platforms, such as NanoHUB, 
should be made when articulating dissemination goals and objectives within the FY 2013 
solicitation. 
 
Processes and procedures must be established in the FY 2013 solicitation and beyond to enable 
a repository of tangible NUE outputs to be created and developed over time. Beginning with 
the 2013 solicitation, detailed instructions should be prepared and presented to PIs upon award 
regarding reporting expectations and accountability tied to funding. Again, the analyses 
presented herein, and the raw data within the database, should be examined with regard to 
those PIs who are already paying attention to, and reporting, which and how many students are 
pursing further nano-education or nano-careers.  
  
4.  Consideration of PI lessons learned, best practices, recommendations, and articulated 
needs detailed within completed NUE reports. 
 
This evaluation report has presented eight topics or reflections of either current or previously 
funded NUE PI’s that should be considered and acted upon.  PIs indicated that providing 
courses that allow students hands-on access to learning are anecdotally associated with more 
successful programmatic results.  Additionally, PIs agreed that providing written learning 
materials that are accessible to students and are useful to faculty are particularly important 
strategies and are lacking in their collective opinion.  The needs of the active and past grantee 
community should be addressed as these stakeholders have the closest proximity to affect the 
integration of nanoscale science, engineering, and technology into undergraduate engineering 
curricula in a meaningful and important context for undergraduates across the nation. 
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In conclusion, the results presented in this report chronicle the quantitative and qualitative 
outputs of the 132 completed NUE projects.  The report also provides recommendations based 
on the data analyzed as well as a discussion of opportunities for strengthening the FY 2013 
solicitation.  Given these data, MSG is confident that the NUE project funding is producing 
interesting and important outputs but a more specific solicitation – with particular attention to 
structured reporting and relevant, effective dissemination methods – will lead to a better use of 
funds and a more efficient and accurate means to demonstrate NUE program success for years 
to come. 
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Appendix 1. Projects Funded Across the Nanotechnology Undergraduate Education in Engineering Program 

 

Fiscal Year Number of Awards Total Funding Average Award Size 
Represented in 

Feasibility Analysis 
Sample* 

2003 34 $3,336,894 $98,144 4 

2004 34 $3,359,146 $98,798 4 

2005 14 $2,708,913 $193,494 2 

2006 11 $2,272,809 $206,619 1 

2007 12 $2,403,873 $200,323 3 

2008 12 $2,427,594 $202,300 1 

2009 15 $3,013,994 $200,933 3 

2010 15 $2,999,777 $199,985 2 

2011 12 $2,199,356 $183,280 3 

Total 159 $24,722,356 
 

23 



Manhattan Strategy Group 
Analysis of Reports of the Nanotechnology Undergraduate Education in Engineering Program 

 

Contract No. NSFDAC10C1478                                                                       22 

Appendix 2. Solicitation Comparison Across the NUE Program 

 

2003            

(NSF 03-044)

2005                    

(NSF 05-543)

2006         

(NSF 06-538)

2007          

(NSF 07-554)

2008         

(NSF 08-544)

2009         

(NSF 09-533)

2010         

(NSF 10-536)

2011         

(NSF 11-524)

New nano courses

Teaching modules

Curricular enhancements

Lab and demonstration experiments

New degree/ certificate program

Manuals

Software

Web-based resources

Department/program are drawn from

Resources from departments/colleges (i.e. 

instructors, staff, facilities, etc.)

Extent (i.e. two depts within a college, across 

colleges, across institutions, etc.)

Student learning

Faculty practice

Developing a diverse workforce

Enhance engineering/science literacy

Content development

Motivation to pursue further nano education

Measurement method and appropriateness

Scholarly publication

Conference presentation

Teaching module adopted at other institutions

Outreach programs

To whom and when were these efforts

K-12 teacher matriculation in the courses and 

later impact

Special course module development, 

dissemination, and use

Pre-college student attendance

Pre-college student involvement and impact

Topic of educational resource (i.e. device vs. 

use - societal/ethical/environmental 

implication)

Y Y Y Y Y Y Y Y

Degree to which educational resource was 

integrated into existing "resources" or 

created)

Y Y Y Y Y Y Y Y

Creation of undergraduate research 

opportunities
Y Y Y Y Y Y Y Y

Contact with the NSF Program Officer pre-

proposal submission
N N Y Y Y Y Y Y

Target population 13-14 13-14 13-16 13-16 13-16 13-16 13-16 13-16

Number and Percentage impacted Y Y Y Y Y Y Y Y

Criteria for quality

Criteria for success

Impact

Goals and Objectives N N Y Y Y Y Y Y

Formative and Summative evaluation N N Y Y Y Y Y Y

From Statement of Work

From Review of Solicitations

1. Outputs/ outcomes

2. Departments/colleges that have collaborated                                                                              (INTERDISCIPLINARITY)

3. Impact of program on engineering education

4. Dissemination efforts

5. Level of K-12 outreach

Y Y Y Y Y Y Y Y

Y Y Y

Y Y Y Y Y Y Y

Y Y Y Y Y

Y Y Y Y Y

N N N N

Y

Y Y Y

Y

Evaluation

Y Y

N N

1. Outputs/ outcomes

3. Impact of program on engineering education

2. Departments/colleges that have collaborated

Y Y Y Y Y

N N
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Appendix 3. Statement of Work  

 

Statement of Work for  
Nanotechnology Undergraduate Education (NUE) in Engineering (NUE)  

Addition to Task 1 of Nanoscienece Engineering Education (NSEE) evaluation, Manhattan 
Strategy Group, contractors 

  

Background 
 
The Nanotechnology Undergraduate Education (NUE) Program was initiated in FY 2003 as a 
component in the NSF Nanoscale Science and Engineering (NSE) Program, which is part of the 
National Nanotechnology Initiative (NNI).  NSE also included three other program components: 
the Nanoscale Interdisciplinary Research Teams (NIRT) Program, the Nanoscale Exploratory 
Research (NER) Program, and the Nanoscale Science and Engineering Centers (NSEC).   

The objective of the NUE in Engineering program is to integrate nanoscale science, engineering, 
and technology into undergraduate engineering curricula.  Funds are provided for projects that 
will address the educational challenges of these emerging fields and generate practical ways of 
introducing nanotechnology into undergraduate engineering education with a focus on devices 
and systems and/or on social, economic, and ethical issues relevant to nanotechnology.  

The NUE in Engineering program emphasizes new approaches to undergraduate engineering 
education through interdisciplinary collaborations. These collaborations could lead to, but are 
not limited to:  

 New examples of undergraduate nanoscale engineering courses that are presented 
through the development of laboratory and demonstration experiments, manuals and 
other written materials, software, and web-based resources;  

 

 Development and dissemination of new teaching modules for nanoscale engineering of 
relevance to engineering education that can be used in existing undergraduate courses;  
 

 

 Incorporation of undergraduate research opportunities in nanoscale engineering into 
the curriculum at any level; and  

 

 Development of courses or curricular enhancements related to nanoscale engineering 
and technology and environmental or social change.  

 

The NUE in Engineering program is a multi-directorate program involving support from all 
Divisions within the Directorate for Engineering (ENG), the Division of Undergraduate Education 
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(DUE) in the Directorate for Education and Human Resources (EHR), and the Division of Social 
and Economic Sciences (SES) in the Directorate for Social, Behavioral and Economic Sciences 
(SBE).  The overall management of the program is conducted by the Division of Engineering 
Education and Centers (EEC) in the ENG Directorate. 

The NUE program is now completing its ninth year.  The program has thus far provided $23.8 M 
in support for 155 projects to many diverse types of institutions…from small colleges to large 
research universities and to Historically Black Colleges and Universities (HBCU).   NUE awards 
are in three areas: 1) Curriculum/Course Development, 2) Laboratories/Modules Development, 
and 3) Ethical/Societal/Economic/Environmental Implications of Nanotechnology. 

 
Work Statement 
 
EEC seeks program evaluation services for the Nanotechnology Undergraduate Education (NUE) 
and the Nanotechnology Undergraduate Education in Engineering program.  Specifically, EEC 
would like to incorporate into Task 1 of the already contracted Nanoscience Engineering 
Education (NSEE) evaluation the analysis of the 155 NUE projects’ evaluation reports in order to 
address the following questions:  
 

1. What were the outputs and outcomes resulting from NUE funding? More specifically we 
would like to know how these outcomes can be classified (e.g. new nanotechnology 
courses, teaching modules, curricular enhancements, laboratory and demonstration 
experiments, new degree/certificate programs, manuals, software, web-based 
resources) and the relative number of projects in each classification (recognizing some 
projects may cross boundaries between classifications). 
 

2. What departments, colleges have collaborated in these programs?  In determining 
“collaboration,” some schema for classifying projects should be developed.  Elements to 
consider are what departments/programs the project draws students from; whether 
departments/colleges collaborate to provide resources such as instructors, staff, or 
facilities for the project; and the extent of collaboration, i.e. is it across two 
departments within a college, across colleges, or across institutions. 
 
 

3. Determine the impact of the program on engineering education, as reported by the 
funded projects.  To the extent that they exist in the annual, final and evaluation reports 
of the 155 projects funded in NUE, elements to look at include student learning, faculty 
practice, developing a diverse workforce, enhancing engineering and science literacy, 
content development, and motivating students to pursue further education in 
nanotechnology.  In answering this question it is important to determine how projects 
measured these outcomes and how rigorous this measurement was, i.e. are the data 
anecdotal, were validated metrics used or developed, etc.   
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4. Have the program outcomes been disseminated throughout the academic community?  
Please try to classify the type of dissemination efforts across the portfolio as well as 
determine the channels through which dissemination occurred, e.g. scholarly 
publications, conference presentations, teaching modules adopted at other universities, 
outreach programs, etc.  For each form of dissemination, who were the intended 
audiences? 

 
 

5. What was the level of K-12 outreach?  Were pre-college teachers matriculated in any of 
the courses, and if so, was there an impact on their classrooms? Were there special 
course modules developed for pre-college education; and if so, were they disseminated 
and used. Did pre-college students attend any of the classes? Were any pre-college 
students involved in the project in other ways and what was the impact?  
 
 

Data to address these questions will be culled from annual, final and evaluation reports of the 
155 projects funded through NUE. This activity is in line with activity already underway in Task 1 
of the NSEE evaluation, contracted to Manhattan Strategy Group. This work would, in effect, be 
an expansion of the sample of documents reviewed as part of the NSEE. And in fact, through 
co-funding, there are projects funded through NUE that were also funded under NSEE and have 
already been included in the document review for that evaluation contract.  
 
Phase #1:  In addressing these questions the contractor should propose an analysis plan and 
workplan appropriate for each question.  An appropriate timeline for the evaluation should be 
developed.  The draft evaluation plan should address which of the above questions can be 
answered with reasonable certainty and with the data that are available in the reports 
indicated, and suggest changes/alternatives for those that are deemed too difficult or time 
consuming to address.  The draft will be submitted to NSF and reviewed before the second 
phase commences. 
 
Phase #2:  Data collection.  The contractor is responsible for data collection as well as 
organizing and archiving the data. Data collection will consist of the compilation of annual, final 
and evaluation reports from the 155 projects. Analytic coding schemes will be developed for 
analysis and shared with NSF.  All data will be fully shared with NSF.  A quarterly report not to 
exceed five pages will report on the progress and address discrepancies between the proposed 
timeline and actual progress. 
 
Phase #3:  After the end of data collection and initial analysis periods, the contractor and NSF 
staff will meet to discuss the preliminary results.  The contractor will present the results, 
highlighting how data was classified/organized and what the key findings of the study were.  At 
this time NSF staff will make suggestions for what elements of the data/finding are most 
interesting for the final report. 
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Phase #4:  No more than three months following the end of data collection the contractor will 
submit a draft of the final report to be reviewed by NSF staff.  A final report is due one month 
following written feedback on the draft report.  
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Appendix 4. Data Collection Tool and Instructions 

Project Award ID: 

Project Name: 

Organization: 

Brief Description: 

  

      

O
u

tp
u

ts
/

o
u

tc
o

m
e
s
 

Type of 
Outputs/Outcomes 
FROM PROPOSAL # Title/Description 

Curricular 
enhancements 

  

Some sort of tangible lesson, example, demonstration focusing 
on nano that is inserted into an existing course, workshop, 
program; mark what the enhancement is and what 
program/course it is enhancing 

Teaching modules/ 
lessons 

  

Newly developed sections or focus areas that are to be used by 
professors to teach nano in the classroom, such as lectures 

Credit granting courses 

  

Newly developed nano courses that offer credit for students or 
fulfill some sort of requirement 

Lab and demonstration 
experiments 

  

Labs that are developed to show nano with regard to devices or 
interactions as well as demonstrations that can be inserted into a 
course or project to illustrate nano concepts 

New degree/ certificate 

program 

  

A major, minor, or other sort of certificate program regarding 
nano that is developed and offered to students 

Classroom materials 
(e.g. textbooks, 
manuals, syllabi) 

  

Any materials produced for student use in the classroom such as 
textbooks and manuals that guide course or lab progression for 
example 

Web-based learning 

tool  

  

Online tool/module that teaches the actual concepts and ideas of 
nano to a student, not just a website that posts a course syllabus 

Workshop, seminar, 
etc.  

  

Workshop that is setup for students or teachers to learn or teach 
nano only at the university level. 

Student Research 

  

Any research opportunities available for undergraduates or 
graduate students having to do with nano concepts, not course 
design 
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Software 

  

Software or programs created to teach nano concepts to 
undergrad students 

Hardware / devices 

  

Hardware or devices produced (not purchased) to deal with nano 
aspects in courses, labs, etc.  

Other outputs 

  E.g. internships, study abroad, student-run enterprise program 

  

O
u

tp
u

ts
/

o
u

tc
o

m
e
s
 

Type of 

Outputs/Outcomes 
FROM REPORTS # Title/Description 

Curricular 
enhancements 

  

Some sort of tangible lesson, example, demonstration focusing 
on nano that is inserted into an existing course, workshop, 
program; mark what the enhancement is and what 
program/course it is enhancing 

Teaching modules/ 

lessons 

  

Newly developed sections or focus areas that are to be used by 
professors to teach nano in the classroom, such as lectures 

Credit granting courses 

  

Newly developed nano courses that offer credit for students or 
fulfill some sort of requirement 

Lab and demonstration 
experiments 

  

Labs that are developed to show nano with regard to devices or 
interactions as well as demonstrations that can be inserted into a 
course or project to illustrate nano concepts 

New degree/ certificate 

program 

  

A major, minor, or other sort of certificate program regarding 
nano that is developed and offered to students 

Classroom materials 
(e.g. textbooks, 
manuals, syllabi) 

  

Any materials produced for student use in the classroom such as 
textbooks and manuals that guide course or lab progression for 
example 

Web-based learning 
tool  

  

Online tool/module that teaches the actual concepts and ideas of 
nano to a student, not just a website that posts a course syllabus 

Workshop, seminar, 
etc.  

  

Workshop that is setup for students or teachers to learn or teach 
nano only at the university level. 

Student Research 

  

Any research opportunities available for undergraduates or 
graduate students having to do with nano concepts, not course 
design 

Software 

  

Software or programs created to teach nano concepts to 
undergrad students 

Hardware / devices 

  

Hardware or devices produced (not purchased) to deal with nano 
aspects in courses, labs, etc.  

Other outputs 

  E.g. internships, study abroad, student-run enterprise program 
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C
o

ll
a
b

o
r
a
to

r
s
  

Types of 

Collaborations # Title/Description 

Students (UG/Grad 
only, not K12) 

  

Major or department students are from who participate in the 
courses/workshops/programs, etc. 

Faculty - Multiple 
departments in a 

college   

Biology, chemistry, physics, etc. are all different departments 
within the science college 

Faculty - Multiple 
colleges in a university 

  

College of science and college of business are two different 
colleges within one university 

Faculty - Multiple 
universities  

  Michigan Tech and UDayton are two different universities 
Faculty - Multiple 

campuses in system 

  

CUNY system has many different universities within the same 
system 

Other Partners 

  

National labs, education outreach centers on campus, companies, 
etc. that are mentioned in the reports but not listed within the 
'Organizational Partners' section. 

Organizational Partners 

  

Partners specifically listed in the 'Organizational Partners' section 
of the annual and final reports 

 

   

I
m

p
a
c
t 

Type of Impact # Title/Description 

Quantitative Impact   

# students and/or teachers impacted-- only at university level 
Assessment/ Test 
Included 

  
Mark if student performance measurement or assessment is 
included; could be a pre and post-test or evaluation 

       Student Learning   Only yes if the assessment/course evaluation results are 
included-- we should be able to determine if learning occurred 
from assessment results. Include any statement or measure of 
student learning and evidence from evaluations 

Workforce development   

Develop skills or knowledge that will be able to encourage more 
undergrad or grad students to enter the nano workforce 

Further interest in nano 

education 

  

Encourage university students to seek further nano education 
such as through a grad program 

URM (women, 
racial/ethnic, low SES, 
community college) 

  

If the program or output made a genuine effort to reach 
underrepresented groups or substantial efforts to increase 
diversity at the university level 
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D
is

s
e
m

in
a
ti

o
n

 E
ff

o
r
ts

 

Dissemination Outlet # Title/Description 
Journal Publication 

  

Mark the number and name of publications that have been 
prepared or published about this project or its results 

Conference 
Presentation (including 
Poster Session) 

  

Mark the number and name of presentations that have been 
given about this project or its results (include in parenthesis the 
materials prepare or used for the presentation) 

Workshop 

  

Provide the number and name or description of the workshops 
prepared and offered to university stakeholders only 

Teaching module used 
at other university 

  

Has the output or outcome been adopted and used as another 
university? 

Website 

  

Has there been a website created to relay information about the 
project, its components, or its results? 

Other 

  E.g. a gallery show, a poster session 

K
-1

2
 O

u
tr

e
a
c
h

 

K-12 Outreach # Title/Description 
Teacher Impact 

  How many K-12 teachers have been impacted? 
Workshop 

  

How many workshops have been produced and offered to K-12 
teachers? provide name or description 

Course 

  

How many and what are the names of the courses prepared for 
K-12 teachers?  

Fair 

  

How many fairs have been put on or offered to K-12 teachers to 
teach them about nano or how to teach it? 

Other 

  

E.g. a book or newsletter prepared to discuss nano concepts and 
teaching 

Student Impact 

  How many K-12 students have been impacted? 
Workshop 

  

How many and what are the names of the workshops prepared 
for K-12 students to teach them about nano? 

Course 

  

How many and what are the names of the courses produced for 
K-12 students? 

Fair 

  

How many and what is a description of the fairs that K-12 
students are invited to attend to learn more about nano? 

Promotes interest in 
further nano  education 

  

Do the associated K-12 outreach efforts encourage students to 
seek further nano education either in K-12 or university level? 

URM (women, 
racial/ethnic, low SES, 
community college) 

  

Do the associated efforts seek to target K-12 underrepresented 
groups or increase diversity? 

Other 

  

Any other outreach efforts or materials produced for K-12 
students.  
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L
e
s
s
o
n

s
 L

e
a
rn

e
d

 Wording or sections within the reports that describe lessons learned, best practices, areas for 
improvement, etc. in the future.  

R
e

p
ea

t 
Fu

n
d

in
g 

Any project or PI that has received previous funding from NUE; this section will be useful for 
telling a story of each project.  
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Appendix 5. Additional Uses for Data Collected 

 
Case Study.  Based on previous feedback from NSF, up to five NUE projects could be selected 
for an in-depth, case study analysis. These five cases will be selected based on their uniqueness 
when compared to the collective 158. Examples may include programs where a community 
college is integrated into the NUE grant, a program that successfully increases participation of 
under-represented minorities in nanotechnology, or programs that provide an abroad 
internship opportunity. 
 
Grantee Data.  At the 2011 Grantees Meeting, 2010 and 2011 grantees were asked to complete 
the MSG coding sheet for their project outputs, collaborations, impacts, etc. The resulting data 
collected could be used to conduct a validity analysis of the MSG data collected.   
 
Additional Possibilities for Outputs/Outcomes Data.  Project outputs varied significantly 
throughout and across the portfolio of 159 projects and an interesting theme that MSG coders 
have noticed was the idea of outputs contained in a ‘program’. According to the projects’ brief 
descriptions, 33 project produced outputs within a program or minor or certificate program as 
opposed to the majority of projects that produced single, stand-alone outputs that were to be 
used as a curricular enhancement. A project that focused on creating a nanotechnology minor 
inherently included the production of a few credit granting courses, lab and demonstration 
experiments, classroom materials, student research, etc. thus including more outputs as part of 
the project’s programmatic efforts. On the other hand, a project that focused on enhancing 
engineering courses, for example, with nanotechnology themes tended to produce a few 
individual lab experiments and/or teach modules to insert into existing courses and curricula. 
The MSG team suspects that as both types of projects could be and proved to be very 
successful there is a difference in the collaborations created, type of impact, and dissemination 
efforts that was undertaken by the PIs.  

 
When collecting data from early projects, specifically 2003, MSG team members noticed that 
some of the reports contained a reporting template that was different from the later years. This 
report template succinctly asked PIs to report topics such as “Number of students affected at 
the freshman-sophomore level” (and at the junior-senior level) and “How did the project aim to 
integrate nanotechnology into the undergraduate curriculum? (one paragraph).” Only eight of 
these forms were completed throughout all the projects but those eight reports were simple, 
concise and to the point. They captured the necessary information that NSF was interested in 
and forced the PI to directly answer specific questions about their program, collaborations, 
impact, and dissemination. Exploration of the use of these templates as associated with the 
eight projects to determine the reasoning behind the creation and differential use of the 
templates may be useful.   
 
Additional Possibilities for Collaboration Data.  Because nanotechnology is such an innovative 
and interdisciplinary topic it is crucial that PIs collaborate with individuals in different 
departments and colleges around campus. The majority of organizations collaborated but the 
level and number of collaborators per project was quite varied. If a PI in the Chemistry 
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department of a university collaborated with faculty from three other science departments as 
well as four engineering departments, did that program have a bigger impact than a PI that 
produced outputs with only one other faculty in his same department? Exploring the various 
levels of collaboration as well as the departments interacting with each other is advised.  
 
Additional Possibilities for Impact Data.   The quantitative impact reported by each project as 
well as the program as a whole can be analyzed and compared to many different coding factors 
across each project; the correlations of various items could provide useful information leading 
to more effective analysis and reporting methods to NSF. Along with quantitative impact, some 
projects reported about students’ further interest in nano education. This concept of creating a 
nano-literate workforce is the reason behind the nano efforts at NSF and this category could be 
very telling of the success of various projects. For example, projects reported specific students’ 
(with names) plans for graduate schools with accompanying school names, science programs, 
and expected graduation years. These projects show investment in the long-term success of 
their students and clearly show that they have aligned their programmatic goals with the longer 
–term NSF goals. The projects that are heavily invested and willing to report, or even track, 
their students continued nanotechnology education may have more sustainable outputs and 
successful materials.  
 
Additional Possibilities for Dissemination Data.  Almost every project that produced some sort 
of nanotechnology output disseminated results and/or information about the program through 
any combination of publications, conference presentations, websites, etc. The number of 
dissemination efforts per project varied drastically between the 158 projects that could be 
representative of program impact and success. It may be worth investigating whether or not 
projects that disseminated more information through more avenues had a bigger impact or 
were more successful than projects that had fewer dissemination efforts. Furthermore, the 
data collection tool that MSG utilized included an ‘Other’ category for methods of 
dissemination that did not fit well within the given coding categories in that section. This 
‘Other’ category contained 385 items, which is quite significant given that it is around the same 
count as publications and presentations. Therefore, this category would be interesting to 
explore more thoroughly. The other outputs contained any number of different efforts from 
making curricula available to the public to implementing a marketing campaign on campus. 
Innovative dissemination efforts must be analyzed with respect to outputs and impact in order 
to figure out how NSF can enhance and maintain higher levels of program outputs’ 
sustainability and accessibility.    
 
Additional Possibilities for K-12 Outreach Data.  Although it is not mentioned in any of the 
solicitations, the MSG team has been collecting K-12 impact data throughout these project 
reports. The team of coders found that some projects make a concerted effort to reach out to 
K-12 students and teachers in a variety of ways (e.g., creating summer week-long workshops 
introducing students to nano,  presenting nano topics and information at college open houses). 
Projects that made an impact or provided some outreach to K-12 students and teachers made a 
concerted effort to reach this group; projects that did not intend to touch or inadvertently 
affected K-12 students had little or no impact. K-12 students should be engaged and aware of 
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nanotechnology before entering into college so that they are interested in pursuing the field of 
study. Examining the projects and impacts of projects that attempted to reach the K-12 group 
would be informative.  
 
Additional Data Collected. Many of the projects reported lessons learned regarding what 
would be considered field testing of the outputs they created and indicated that they had made 
appropriate mid-course corrections to mitigate any challenges that they encountered during 
the testing period. Additionally, a number of the projects noted that labs and hands on 
exercises were most appreciated by students. Students could learn and retain the information 
more holistically when they experienced nanotechnology and interacted with models. The 
theme regarding the importance of hands-on activities that emerged during the feasibility 
analysis has become prevalent across the suite of projects.  

 
Lessons learned and program findings were culled from various project reports. Any 
information that informed a big picture view of the project was insightful and recorded during 
data collection. Examples include the finding that collaboration worked better between many 
engineering and many science faculty, students learned better in an informal but hands-on 
laboratory setting, or the microscopy lab was removed from the nano curricula because 
students did not find it interesting. A research team could analyze whether programs were 
more successful if they reviewed and critically assessed their programs from an external view6, 
either during or after the funding period.  

 
Within project proposals, PIs were required to indicate if they had received previous funding 
from NSF; MSG collected the data from projects that listed previous NUE funding and recorded 
it as ‘Repeat Funding.’ 26 projects listed repeat funding but the MSG team noticed that some 
PIs listed previous funding received by the university and some listed previous funding received 
by the PI. This information could be further analyzed to determine if a success criteria can be 
based on repeat funding, and to what extent repeat funding should be based on the PI or the 
organization. On a related note, some PIs were not aware of previous NUE funding at their 
organization. MSG did a simple code of funding per institution, regardless if repeat funding was 
listed in the proposal, and determined that 36 institutions received funding more than once 
which accounts for 81 project fundings. In other words, half of the program awards have been 
given to universities that will receive or have received repeat funding. Further exploration 
would be beneficial to determine if this data is significant of the outputs produced or the 
impact of the projects. 
 

 

 

                                                           
6 Nielsen, J., Herrmann, A., Okoroafor, A., Amjad, T., Habib, S., and Jarosz, T. (2011). The Role of Evaluation within 

Nanoscale Science and Engineering Education Research: Differential Use, Application, and Benefits of Evaluation.   
Presented at the American Evaluation Association National Conference, Anaheim, CA, November 2011. 
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Appendix 6. Project Coding Results per Year 

 

 

 

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present by 

Year

Total # 

Across Year 

(Range of 

Presence)

# Projects 

Present

% Projects 

Present 

by Year

Total # 

Across Year 

(Range of 

Presence)

Outputs and Outcomes

Cirricular Enhancements 27 79.4% 95 (1:13) 27 79.4% 86 (1:14) 12 85.7% 35 (1:7) 10 90.9% 19 (1:5) 5 41.7% 33 (1:16) 7 58.3% 17 (1:7) 11 73.3% 23 (1:5) 11 73.3% 30 (1:9) N/A N/A N/A

Teaching Modules/Lessons 25 73.5% 73 (1:13) 23 67.6% 93 (1:18) 12 85.7% 44 (1:12) 5 45.5% 22 (1:10) 4 33.3% 13 (1:8) 9 75.0% 49 (1:15) 7 46.7% 20 (1:6) 10 66.7% 53 (1:15) N/A N/A N/A

Credit Granting Courses 25 73.5% 44 (1:8) 20 58.8% 33 (1:3) 11 78.6% 14 (1:2) 9 81.8% 15 (1:4) 11 91.7% 23 (1:5) 9 75.0% 20 (1:4) 11 73.3% 21 (1:4) 11 73.3% 12 (1:2) N/A N/A N/A

Lab and Demo Experiments 28 82.4% 71 (1:11) 26 76.5% 90 (1:13) 12 85.7% 28 (1:9) 9 81.8% 35 (1:6) 9 75.0% 32 (1:12) 10 83.3% 32 (1:14) 12 80.0% 53 (1:13) 10 66.7% 24 (1:7) N/A N/A N/A

New Degree/ Certificate Program 6 17.6% 7 (1:2) 4 11.8% 4 (1) 3 21.4% 3 (1) 1 9.1% 1 (1) 3 25.0% 3 (1) 3 25.0% 3 (1) 5 33.3% 5 (1) 5 33.3% 6 (1:2) N/A N/A N/A

Classroom Materials 17 50.0% 21 (1:2) 23 67.6% 30 (1:3) 9 64.3% 20 (1:6) 7 63.6% 32 (1:21) 3 25.0% 3 (1) 6 50.0% 9 (1:3) 12 80.0% 26 (1:13) 7 46.7% 8 (1:2) N/A N/A N/A

Web-based Learning Tool 7 20.6% 7 (1) 10 29.4% 10 (1) 4 28.6% 4 (1) 2 18.2% 2 (1) 1 8.3% 1 (1) 3 25.0% 3 (1) 1 6.7% 1 (1) 0 0.0% 0 N/A N/A N/A

Workshop, Seminar, etc. 6 17.6% 10 (1:4) 10 29.4% 13 (1:3) 6 42.9% 13 (1:7) 3 27.3% 4 (1:2) 5 41.7% 18 (1:9) 3 25.0% 3 (1) 1 6.7% 1 (1) 4 26.7% 6 (1:3) N/A N/A N/A

Student Research 30 88.2% 106 (1:9) 28 82.4% 162 (1:56) 10 71.4% 574 (1:500) 9 81.8% 57 (1:15) 10 83.3% 81 (1:20) 11 91.7% 114 (1:53) 11 73.3% 44 (1:13) 8 53.3% 38 (1:12) N/A N/A N/A

Software 3 8.8% 3 (1) 5 14.7% 5 (1) 4 28.6% 4 (1) 0 0.0% 0 (0) 1 8.3% 1 (1) 0 0.0% 0 0 0.0% 0 1 6.7% 1 (1) N/A N/A N/A

Hardware/Devices 1 2.9% 1 (1) 3 8.8% 3 (1) 2 14.3% 4 (1:3) 0 0.0% 0 (0) 4 33.3% 9 (1:5) 3 25.0% 3 (1) 1 6.7% 1 (1) 1 6.7% 1 (1) N/A N/A N/A

Other Outputs 9 26.5% 10 (1:2) 8 23.5% 11 (1:2) 6 42.9% 7 (1:2) 3 27.3% 3 (1) 6 50.0% 7 (1:2) 8 66.7% 9 (1:2) 5 33.3% 5 (1) 5 33.3% 5 (1) N/A N/A N/A

Collaborations

Students 23 67.6% 88 (2:9) 25 73.5% 101 (2:8) 12 85.7% 58 (2:10) 6 54.5% 24 (3:6) 9 75.0% 35 (2:6) 6 50.0% 24 (2:5) 7 46.7% 30 (2:11) 9 60.0% 39 (2:10) N/A N/A N/A

Faculty- Multiple Departments 26 76.5% 106 (2:11) 25 73.5% 79 (2:8) 13 92.9% 51 (2:7) 10 90.9% 37 (2:6) 10 83.3% 29 (2:5) 9 75.0% 49 (2:9) 14 93.3% 56 (2:7) 14 93.3% 52 (2:6) N/A N/A N/A

Faculty- Multiple Colleges 21 61.8% 52 (2:5) 15 44.1% 35 (2:4) 9 64.3% 19 (2:3) 7 63.6% 16 (2:3) 8 66.7% 21 (2:4) 9 75.0% 27 (2:7) 9 60.0% 18 (2) 7 46.7% 16 (2:4) N/A N/A N/A

Faculty- Multiple Universities 10 29.4% 27 (2:4) 10 29.4% 31 (2:5) 4 28.6% 8 (2) 5 45.5% 16 (2:5) 3 25.0% 7 (2:3) 3 25.0% 11 (2:7) 2 13.3% 4 (2) 3 20.0% 7 (2:3) N/A N/A N/A

Faculty- Multiple Campuses 4 11.8% 12 (2:6) 1 2.9% 5 (2:5) 3 21.4% 6 (2) 0 0.0% 0 1 8.3% 3 (3) 1 8.3% 2 (2) 0 0.0% 0 2 13.3% 4 (2) N/A N/A N/A

Other 21 61.8% 50 (1:8) 16 47.1% 45 (1:10) 10 71.4% 37 (2:8) 7 63.6% 37 (1:17) 5 41.7% 16 (3:4) 11 91.7% 34 (1:7) 10 66.7% 33 (1:7) 9 60.0% 17 (1:3) N/A N/A N/A

Organizational Partners 16 47.1% 35 (1:7) 11 32.4% 16 (1:5) 7 50.0% 12 (1:3) 3 27.3% 6 (1:3) 5 41.7% 22 (1:6) 5 41.7% 6 (1:2) 4 26.7% 8 (1:3) 6 40.0% 12 (1:4) N/A N/A N/A

Impact

Quantitative Impact 26 76.5% 8547 (10:2000) 26 76.5% 9163 (10:3500) 13 92.9% 4109 (6:2000) 8 72.7% 2770 (70:894) 9 75.0% 6678 (19:5500) 11 91.7% 2339 (27:1036) 12 80.0% 974 (12:212) 10 66.7% 1065 (10:442) N/A N/A N/A

Assessment/Test Included 20 58.8% 20 (1) 19 55.9% 19 (1) 10 71.4% 10 (1) 7 63.6% 7 (1) 7 58.3% 7 (1) 10 83.3% 10 (1) 9 60.0% 9 (1) 8 53.3% 8 (1) N/A N/A N/A

Evidence of Student Learning 15 44.1% 15 (1) 13 38.2% 13 (1) 8 57.1% 8 (1) 4 36.4% 4 (1) 6 50.0% 6 (1) 5 41.7% 5 (1) 6 40.0% 6 (1) 1 6.7% 1 (1) N/A N/A N/A

Workforce Development 17 50.0% 17 (1) 11 32.4% 11 (1) 8 57.1% 8 (1) 5 45.5% 5 (1) 6 50.0% 6 (1) 5 41.7% 5 (1) 5 33.3% 5 (1) 6 40.0% 6 (1) N/A N/A N/A

Further Interest in Nano 

Education 16 47.1% 16 (1) 17 50.0% 17 (1) 8 57.1% 8 (1) 6 54.5% 6 (1) 7 58.3% 7 (1) 3 25.0% 3 (1) 6 40.0% 6 (1) 2 13.3% 2 (1) N/A N/A N/A

Under-Represented Minorities 18 52.9% 18 (1) 17 50.0% 17 (1) 6 42.9% 6 (1) 5 45.5% 5 (1) 7 58.3% 7 (1) 6 50.0% 6 (1) 5 33.3% 5 (1) 7 46.7% 7 (1) N/A N/A N/A

Dissemination

Journal Publications 23 67.6% 77 (1:21) 20 58.8% 227 (1:159) 9 64.3% 17 (1:5) 9 81.8% 43 (1:15) 8 66.7% 27 (1:10) 4 33.3% 7 (1:3) 6 40.0% 10 (1:2) 5 33.3% 7 (1:3) N/A N/A N/A

Conference Presentations 19 55.9% 96 (1:16) 18 52.9% 106 (1:18) 11 78.6% 69 (1:18) 9 81.8% 39 (1:17) 10 83.3% 30 (1:13) 5 41.7% 11 (1:5) 5 33.3% 9 (1:3) 6 40.0% 13 (1:4) N/A N/A N/A

Workshop 7 20.6% 18 (1:6) 8 23.5% 14 (1:6) 4 28.6% 4 (1) 3 27.3% 3 (1) 1 8.3% 3 (3) 1 8.3% 1 (1) 1 6.7% 1 (1) 3 20.0% 3 (1) N/A N/A N/A

Teaching Module Used at Other 

University 7 20.6% 21 (1:8) 4 11.8% 11 (1:4) 2 14.3% 1001 (1:1001) 4 36.4% 4 (1) 0 0.0% 0 1 8.3% 1 (1) 2 13.3% 2 (1) 1 6.7% 1 (1) N/A N/A N/A

Website 22 64.7% 26 (1:2) 23 67.6% 27 (1:2) 11 78.6% 11 (1) 7 63.6% 11 (1:5) 7 58.3% 11 (1:3) 8 66.7% 12 (1:3) 6 40.0% 8 (1:2) 5 33.3% 5 (1) N/A N/A N/A

Other 23 67.6% 77 (1:10) 28 82.4% 95 (1:15) 12 85.7% 48 (1:9) 10 90.9% 45 (1:11) 9 75.0% 46 (1:19) 6 50.0% 19 (1:9) 8 53.3% 29 (1:14) 9 60.0% 26 (1:9) N/A N/A N/A

K-12 Outreach

Teacher Impact 7 20.6% 280 (1:169) 8 23.5% 217 (2:70) 5 35.7% 217 (2:190) 1 9.1% 52 (52) 5 41.7% 69 (2:42) 5 41.7% 56 (1:31) 3 20.0% 9 (1:6) 0 0.0% 0 N/A N/A N/A

Workshop 4 11.8% 5 (1:2) 5 14.7% 10 (1:4) 6 42.9% 6 (1) 1 9.1% 2 (2) 5 41.7% 9 (1:5) 2 16.7% 2 (1) 2 13.3% 2 (1) 1 6.7% 1 (1) N/A N/A N/A

Course 0 0.0% 0 2 5.9% 2 (1) 1 7.1% 1 (1) 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 N/A N/A N/A

Fair 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 0 0.0% 0 N/A N/A N/A

Other 6 17.6% 7 (1:2) 7 20.6% 7 (1) 3 21.4% 5 (1:3) 2 18.2% 4 (1:3) 2 16.7% 3 (1:2) 5 41.7% 5 (1) 2 13.3% 2 (1) 2 13.3% 2 (1) N/A N/A N/A

Student Impact 14 41.2% 1738 (1:975) 7 20.6% 1287 (1:1000) 8 57.1% 484 (1:400) 5 45.5% 912 (3:388) 6 50.0% 1418 (6:700) 5 41.7% 1537 (1:1200) 8 53.3% 879 (14:300) 4 26.7% 101 (1:52) N/A N/A N/A

Workshop 7 20.6% 8 (1:2) 1 2.9% 1 (1) 2 14.3% 3 (1:2) 3 27.3% 5 (1:3) 5 41.7% 37 (1:30) 1 8.3% 1 (1) 3 20.0% 5 (1:3) 2 13.3% 3 (1:2) N/A N/A N/A

Course 1 2.9% 1 (1) 0 0.0% 0 3 21.4% 3 (1) 1 9.1% 1 (1) 1 8.3% 1 (1) 0 0.0% 0 0 0.0% 0 0 0.0% 0 N/A N/A N/A

Fair 2 5.9% 2 (1) 2 5.9% 2 (1) 0 0.0% 0 0 0.0% 0 2 16.7% 2 (1) 0 0.0% 0 0 0.0% 0 0 0.0% 0 N/A N/A N/A

Promotes Further Interest in 

Nano Education 8 23.5% 8 (1) 5 14.7% 5 (1) 5 35.7% 5 (1) 3 27.3% 3 (1) 5 41.7% 5 (1) 3 25.0% 3 (1) 3 20.0% 3 (1) 2 13.3% 2 (1) N/A N/A N/A

Under-Represented Minorities 9 26.5% 9 (1) 3 8.8% 3 (1) 3 21.4% 3 (1) 3 27.3% 3 (1) 3 25.0% 3 (1) 2 16.7% 2 (1) 5 33.3% 5 (1) 2 13.3% 2 (1) N/A N/A N/A

Other 14 41.2% 19 (1:6) 16 47.1% 30 (1:8) 10 71.4% 15 (1:2) 10 90.9% 26 (1:11) 5 41.7% 13 (1:5) 6 50.0% 11 (1:3) 11 73.3% 18 (1:3) 8 53.3% 10 (1:3) N/A N/A N/A



 

 

 

 

  



 

                                               

 

 

 

 

 

 

Contact 
 

Manhattan Strategy Group 

8120 Woodmont Avenue 

Suite 850 

Bethesda, MD 20814 

 

 

Taimur Amjad 

301.828.1520 

tamjad@manhattanstrategy.com 

 

Jennifer Nielsen 

301.828.1525 

jnielsen@manhattanstrategy.com 


