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Presenter
Presentation Notes
Good afternoon.  Thank you for allowing me to come to talk with you today. The focus of the panel is on middle school. My experience though is from working at a science museum all my professional life.  Before that I studied physics at MIT.  It’s interesting to note that several of the lead educators in the science museum field started off as physicists and are about my age! But today I am going to talk about getting involved in K-12 outreach and informal education.



Decline between 4th and 8th grades 

Presenter
Presentation Notes
The headlines in the last few years have pointed to challenges for science education in the middle school years. Test scores drop between 4th and 8th grades and researchers measure a loss of interest in math and science in the middle school years. (These are US, Canadian, and UK headlines!)



Presenter
Presentation Notes
The stories behind the headlines say that not only does science start to get hard in the transition from elementary to high school but also that students in these grades start to find science less inspiring and less relevant to their lives



Students with a high cognitive 
potential for science do not 
pursue careers as scientists or 
engineers because they lost 
their interest during school. 
(Krapp and Prenzel, 2011) 

Sorge, C.  Science Educator Fall 2007 Vol 16 No 2 

Because self-efficacy influences 
academic achievement, a drop in 
confidence during the middle 
school years can have a negative 
influence on students’ high school 
and college achievement. Of 
particular concern to science 
educators is that failure to take 
science and mathematics courses 
because of low self-efficacy can 
block the pursuit of careers in 
mathematics and science  
(Zeldin & Pajares, 2000). 

Presenter
Presentation Notes
This isn’t really news.  Researchers have been investigating this problem for many years and noting concerns about it’s negative impact on the pursuit of science careers. Talented students lose interest, become less confident in themselves, and turn away from studying math and science.



Life science 

Physical science/ 
engineering 

8th graders expecting a 
science degree 

8th graders not expecting 
a science degree 

Degrees in life science 
(light green), physical 
science/engineering 
(dark green), and 
nonscience fields 
(gray). Students who 
in eighth grade 
expected a science 
degree are shown on 
the left (n = 337); 
those who did not 
expect a science 
degree are shown on 
the right (n = 3022). 
 
Robert H. Tai1,*, Christine 

Qi Liu1, Adam V. Maltese1, 
Xitao Fan1 

Presenter
Presentation Notes
In this paper published in Science, you can see that there is a strong correlation between 8th grade math achievement and eventually earning a degree in the physical sciences.
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Life science 

Physical science/ 
engineering 

8th graders expecting a 
science degree 

8th graders not expecting 
a science degree 

Degrees in life science 
(light green), physical 
science/engineering 
(dark green), and non-
science fields (gray). 
Students who in 
eighth grade expected 
a science degree are 
shown on the left (n = 
337); those who did 
not expect a science 
degree are shown on 
the right (n = 3022). 
 
Robert H. Tai1,*, Christine 

Qi Liu1, Adam V. Maltese1, 
Xitao Fan1 

Presenter
Presentation Notes
But there is also a strong correlation between expectation of a physical science degree by 8th graders and their eventually earning one.. It seems that for physics and engineering your mind is made up by the time you are in the 8th grade.
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We also saw that declines in interest, motivation, and attitudes were 
linked to many variables, including self-efficacy, and that cumulated 
positive experiences in S&T might prevent such declines, like summer 
camps and other out-of-school experiences, but also within schools, 
where all sorts of initiatives could be intensified. 

When efforts are well targeted and based on reasonably well-
documented sources, it is usually possible to increase interest, 
motivation, and attitudes. In short, effort usually produces results.  
 
Educators need knowledge that will allow them to professionally select, 
apply and optimize the most promising interventions 

Patrice Potvin & Abdelkrim Hasni (2014) Interest, motivation and attitude towards science 
and technology at K-12 levels: a systematic review of 12 years of educational research, 
Studies in Science Education, 50:1, 85-129, DOI:10.1080/03057267.2014.881626 

Presenter
Presentation Notes
Despite the bad news, the research suggests that a variety of positive experiences with science & technology are able to prevent these declines in both informal and in-school settings.  Well-founded efforts usually produces results. But implementers needed to professionally select, apply, and optimize the most promising interventions. With this groundwork laid, I am going to shift to the area of my direct experience, which is not specifically focused on middle school but shares common ground with it, and then I’ll come back to middle school from time to time along the way.



NSF 0532536, 0940143 

Larry Bell 
Sr. V.P. for Strategic Initiatives 
Museum of Science, Boston 

Presenter
Presentation Notes
I’ve been the Director and PI for the last 8 and ½ years of the Nanoscale Informal Science Education Network.



Presenter
Presentation Notes
The NSF issued a solicitation in 2005 to foster public awareness, engagement, and understanding of nanoscale science, engineering, and technology through the establishment of a national Network that links science museums and other ISE organizations with nanoscale science and engineering research organizations. This was the largest challenge NSF had ever given to the ISE community and we decided that to be successful we should anchor this network with three core partners – the Exploratorium, the Science Museum of Minnesota, and the Museum of Science. 



Bob Westervelt 
in ASTC Dimensions Jan/Feb 2008 

As my colleague Bert Halperin and I began work on 
a proposal for an NSF-funded Nanoscale Science 
and Engineering Center (NSEC) at Harvard, it was 
clear that we must actively engage the public. 
Many academic researchers would like to inform 
the public about nanoscience, but don’t know how 
to do it. Science museums, on the other hand, are 
keen to get people’s attention, show them what is 
happening, and invite them to think about the big 
ideas. A collaboration with a science museum 
would be an excellent way to involve the public 
with our research work. 

Presenter
Presentation Notes
The solicitation was built on a premise expressed by Bob Westervelt, PI of the first generation NSEC at Harvard.  Researchers have professional knowledge about nanoscale science and technology and informal science educators have professional knowledge about public engagement and informal education.  Collaborations between these two types of professionals would raise the capacity of each type to engage the public in learning about nanoscale science, engineering, and technology.



Led to a 10-year collaboration 
which has been renewed for 
another 5-10 years with the 
recently awarded: 

Presenter
Presentation Notes
The Harvard NSEC had this kind of relationship with the Museum of Science for a few years before the NISE Net was established. It continued for the 10 years of its funding and has been renewed with the funding of a new center for Integrated Quantum Materials, both under the leadership at the Museum of Carol Lynn Alpert.



Presenter
Presentation Notes
NISE Net’s initial working group included folks from 8 science museums 5 university research centers, 2 evaluation firms, and 2 professional organizations, including most notably the Materials Research Society. The collaboration was strong right from the beginning. Leaders MRS and from the University of Wisconsin MRSEC went with us to DC and helped prep us for the defense of our proposal before our NSF review panel.



Presenter
Presentation Notes
MRS was a particularly strong partner because of the work they had done with the Strange Matter exhibit. Launched at the Ontario Science Center in June 2003, the exhibit has been touring for 11 years and just opened in Winston-Salem, NC. It’s been seen by over 3 million visitors in 46 science centers in 4 countries, and nearly an additional 4 million have engaged with the exhibit’s online resources.  The Strange Matter tour also created science museum and researcher partnership activities in host communities wherever the exhibit appeared.



Presenter
Presentation Notes
The NISE Net was able to capitalize on these kinds of Collaborations between scientists and ISE professionals to create an online catalog of educational products which includes over 300 entries. We call it a catalog but these are not things to buy. There are resources you can download for free with instructions on where to get the physical materials that are not common.



Presenter
Presentation Notes
Working with scientists, the ISE folks developed a content map for NISE Net activities that identify four big ideas and subthemes under each, expressed in ways that make them understandable without advanced technical knowledge for the wide range of audiences that participate in ISE activities.



Presenter
Presentation Notes
And then translating those ideas in hands-on, inquiry-based activities that let visitors explore and do things and find out for themselves assisted by educators and careful design. In ISE environments because people may have to pay to come to do these things voluntarily, it’s important that certain basic needs and interests are met.  This is true of middle school students too.



Understanding 
• Science seen as complicated and difficult 
• How science and technology is taught might be 

more important that what is taught1 

• Students’ perception of science weakened by 
their perception of “school science”1 

• Explanations too hard to understand reduce trust 
– nobody likes to be told they are stupid2 

• ISE works toward making science understandable 
 

1. Potvin & Hasni, 2014      2. Fiske 

    Middle School Students’ Interest in Science 

Presenter
Presentation Notes
Students say that in the transition from elementary to high school science gets complicated and difficult – hard to understand. But the research suggests that how science and technology are taught might be more important than what is taught.  The overall perception of science may be weakened by a view of what science is in school.Nobody likes to be told that they are stupid.  ISE works toward make science understandable without the technical background.



• Big gap between what school concentrates on 
and offers and children’s preferences1 

• Students prefer collaborative work, hands-on, 
inquiry-based, meaningful learning linking 
science and technology to reality1 

• ISE/classroom interventions can provide this1 

 

1. Potvin & Hasni, 2014      2. Fiske 

Engaging 

    Middle School Students’ Interest in Science 

Presenter
Presentation Notes
Furthermore there seems to be a big gap between what school concentrates on and offers and children’s preferences. The research says that student prefer collaborative work, hands-on, inquiry based, and meaningful learning linking science and technology to reality.  Both ISE and classroom interventions can provide this.



Presenter
Presentation Notes
After developing a lot of educational activities, we needed to figure out how to get lots of informal educators to use them. We had promised NSF that we would have informal nano education activities going on throughout the country. (We showed this slide in our presentation.  It might have won us the award.)



Presenter
Presentation Notes
In March 2008 we launched NanoDays – a week of public educational activities at science museums and research centers across the U.S.NanoDays was a breakthrough in the work of the NISE Net.



NanoDays Kit 
downloadable version 

at www.nisenet.org 

Presenter
Presentation Notes
It was the mechanism by which we distributed physical resources throughout the Network. We built a NanoDays kit with everything in it you need to host a NanoDays event. This is a picture of last year’s kit and a list of things in the 2014 kit. I know you can’t read it but wanted to show that it includes a lot of things beyond the 11 hands-on activities featured in this year’s NanoDays -- a set of guides and tools for planning and promoting your event, training materials (9 items),  13 pieces of educational media, and 32 videos on for staff and volunteer training! The ideas for what goes into the kit come from all over but a small team develops the final version of all of the activities, testing them with visitors in their own museums, evaluating, and modifying to make them work easily and successfully.



  

1400 NanoDays Kits Distributed to date to over 400 
unique sites including every state+ 

2008: 100 
2009: 200 
2010: 200 
2011: 200 
2012: 225 
2013: 225 
2014: 250 

Presenter
Presentation Notes
Since we have been doing NanoDays, we have distributed 1400 kits to over 400 different sites.  NanoDays 2014 starts this weekend.



Presenter
Presentation Notes
So if you visit any of the sites you’ll see things going on. It’s been great to see the reports that come back afterwards and to realize that nano public engagement is happening all over the country. 



Presenter
Presentation Notes
And that so many informal educators, staff and volunteers, and researchers and their graduate students, are themselves engaged with engaging the public. Here’s a few but there are thousands.  It’s great for the public to meet both established scientists and science graduate students. Because otherwise how do students form an image of the group they would belong to if there were a scientist?



Belonging 
How does a middle school student identify a community 

of scientists to which they aspire to belong? 
• Physics and technology preferred by boys1 

• Biology often preferred by girls1 
• Differences more acute as students grew older1 
• Social stereotypes have influence1 
• Female, Latina and African American role models 

and mentors show changed attitudes and 
confidence for science and science careers1,2 

 1. Potvin & Hasni, 2014      2. NRC, 2009 

    Middle School Students’ Interest in Science 

Presenter
Presentation Notes
The middle school research says that among science topics in school physics and technology are preferred by boys and often biology is preferred by girls. These gender differences grow more acute as students get older. Social stereotypes have an influence. But in many projects where female, Latina, and African American mentors serve as role models with students, self-confidence around science, and attitudes about potential science careers, can be changed. 



Presenter
Presentation Notes
This is a challenge because, the number of people that folks can identify a scientist is small.  You’ve seen this data before. People say they don’t know any scientists. So both for the public and middle school students it could be valuable for more scientists to be visible.



Presenter
Presentation Notes
Why do we keep shipping more kits each year?  This table from our 2013 annual partner survey shows the reason. The kit materials are used for all sorts of things beyond NanoDays, like K-12 school outreach activities, science camps, community group programs, . . .and even in teaching college courses! So NanoDays is like the infusion of new materials and new energy into the community each year to support activities in many venues throughout the year.



Motivation 

• NISE Net has helped facilitate these partnerships 
by giving them the “idea of doing some event for 
the public.” 

• there’s something really motivating about getting 
the new kits …you get that kit and it’s like, ‘Oh 
man! I can’t let these guys down! I have to do 
something great with the kit!’  

Presenter
Presentation Notes
We are currently doing a professional impacts study and these are a few comments from folks from universities (not science museums) who use NanoDays kits. The event and the kits motivate partnerships and public outreach activities



New perspectives on outreach 

• I had never actually seen a physical kit before. And when I 
opened it up—it was like, ‘holy mackerel, everything’s 
here to do everything!’ And it was sort of that “ah-ha” 
moment… so that all of a sudden became…instead of 
doing the presentations to go and talk about things, it now 
became…now you can have kids come and do things.  

• So it was that surprise of how amazing those kits really are 
and how easy it is and how easy they make it to do 
presentations. 

Presenter
Presentation Notes
The kits convey basic ideas about engagement and inquiry learning, and the team at the Sciencenter in Ithaca and the Science Museum of Minnesota that designs and fabricates them has listened to user feedback and developed kits that are widely praised.



Broader content and use 

• My background is in physics. You have very nice demos that 
are more chemistry related. I didn’t know before. It kind of 
opened my eyes to things where before I was limited to things 
related with the physical properties of material.  

• It has made me recognize more of the applications in biology 
and some other fields that my background isn’t in. 

• NISE Net makes it easy if somebody wants to just go into a 
[K-12] school, or do something on campus, or do something in 
a [college] classroom…It’s formatted in a way that both 
teachers and scientists and engineers can easily get what they 
need from it, which I’m increasingly learning is hard to do. 
 

Presenter
Presentation Notes
The scientists even say that they learn something about the science from the kits and find it easy to use for so many different things.



  

MOS and MRS provide a range of science 
communication professional development 

Presenter
Presentation Notes
NISE Net also provides professional development resources and training. One type is science communication professional development for early career scientists. This happens all over the Network through graduate student participation in NanoDays.  But it also happens in specific workshops originally developed by the Museum of Science in connection with our NSEC partners at Harvard and Northeastern University and available in Guides distributed in the NISE Net catalog. The Materials Research Society has also worked with ISE folks to develop workshops for conference participants on presentations, posters, media, and writing – because the same ideas that support good public communication also support good professional communication, especially in multi-disciplinary fields. 



  

Nano and Society 
NISE Net – CNS 
collaboration 
introduced nano and 
society content, new 
catalog activities, 
and improvisational 
training techniques, 
while building new 
connections 
between people in 
the network.  
 

Presenter
Presentation Notes
Another recent professional development effort has been a collaboration between the NISE Net and the Center for Nanotechnology in Society at Arizona State University. In the first five years a small team of NISE Net partners developed a series of dialogue programs that we call forums to engage visitors for 2-hour deliberations about societal implications of nanotechnology.  In the last couple of years, CNS and NISE Net folks have developed table-top exhibit hall activities and easier-to-do programs on Nano and Society (which have been distributed in NanoDays kits), and also developed and delivered a workshop at four sites across the country to train partners in using these materials. There is also a guide and a range of professional development materials.  Everything is online in the catalog.



  

Connecting scientists and the public 

The questions asked by the participants forced me 
to think about aspects of my research that are 
typically an afterthought.  I'm usually preoccupied 
with the daily grind of performing experiments and 
analyzing data.  Engaging with the public at this 
forum reminded me that the goal of my work is to 
improve their lives (at some point in the distant 
future). 
Ghidewon Arefe, speaker at the  
Science Museum of Minnesota  
April 26, 2007 Forum 



Contextualizing 
 

• Learning science in school to abstract or 
detached from real-life existence 

• STS approach, ethical issues, case studies of 
real-life problems show positive effects on 
interest, motivation, and attitude 

 Potvin & Hasni, 2014 

    Middle School Students’ Interest in Science 

• Boys described as more 
‘performance-goal oriented’ 
and girls as more often 
driven by social concerns  
 

Presenter
Presentation Notes
Some research in gender-related differences suggest that girls are more often driven by social concerns. Other research finds learning science in school to abstract or detached from real life, whereas examples of science-technology-and society approaches with ethical issues addressed or case studies of real-life problems show positive effects.



  

PD: Inclusive Audiences 
Strategies to better engage Spanish speakers 
by building capacity, using techniques like: 

• sheltered instruction 
• team-based inquiry 
• marketing strategies 

Hands-on opportunity to apply 
Universal Design guidelines: 
• Gathered feedback on NanoDays activities 

from experts with disabilities  
• Used Team-Based Inquiry (TBI) approach 
• Identified barriers & modified activities 

Online PD Events: 
• Nano for School Groups 
• Nano in Food 
• Nano for Summer Camps 
• Bilingual NanoDays 
• Science Behind NanoDays 2014 
• Sheltered Instruction 

Presenter
Presentation Notes
There’s been a wide variety of other PD activities including two workshops last summer focused on serving inclusive audiences, in particular Spanish speaking visitors and people with disabilities; and a series of online PD events on topics related to overall PD goals and to support NanoDays 2014.



Evaluation 

Evaluation reports (118) in the catalog, mostly formative 
evaluation reports, but also including key summative reports 

Multi-institutional evaluation team and COV 

Current strands of work:  

• Public Impacts 

• Professional Impacts 

• Logic Model 

• Survey & Data Mining 

 

 

  

Presenter
Presentation Notes
Ongoing evaluation, both formative and summative, have been essential to the development of educational materials, professional development resources, and the Network itself. We use a multi-institutional team drawn from NISE Net core institutions with high capacity for conducting professional evaluation and have oversight by a committee of visitors. This work lets us make data-driven decisions about everything we do.



  

PD: Team-Based Inquiry 
Team-based 
inquiry is about 
building our 
capacity to gather 
and use the 
information we 
need, when we 
need it, in order to 
improve our 
educational 
products and 
practices. 

Presenter
Presentation Notes
But we can’t possibly put our evaluators at the hundreds of sites across the U.S. that are using and repurposing NISE Net resources.  And so we have just begun to introduce the idea of Team-Based Inquiry broadly across the Network.  It’s a process for educators to use in making evidence-based decisions about their educational outreach work. There’s a guide, intense training with a cohort group going on right now, and we are developing a pre-conference workshop for the science center annual meeting in fall.



Enhancing self 
• People want to feel good about themselves2 

• Students who intend to pursue science studies 
and careers are the ones who have good self-
esteem or perceive themselves as being good 
achievers1 

• Assured early success 
• Identity equated with a sense of belonging to a 

community, setting or activity related to science3 

1. Potvin & Hasni, 2014      2. Fiske,2013     3. NRC, 2009 

    Middle School Students’ Interest in Science 



  

NISE Net Regional Hub Structure 

South 

Southwest 

West 

Midwest 

Northeast 

Mid-Atlantic 

Southeast 

Presenter
Presentation Notes
To build the network and raise the capacities of its members, we have 7 regional hubs that each have a personal point of contact for institutions in that region with the larger Network.



  

Partner Reach 

Core Partners: 14 
Nano Infused: 188 
Broad Reach: 309 
Total Partners: 511 

Presenter
Presentation Notes
Beyond that, there are organizations that have gotten a NanoDays kit or have identified themselves to us as making use of some NISE Net resources but our support for them is more passive than it is for the Tier 2 organizations.



Regional Hub Meetings 2013 

Presenter
Presentation Notes
The regional hubs most strongly connect with about 200 organizations we classify as Tier 2. That means that we know they are taking advantage of multiple NISE Net resources to infuse nano content into their educational activities. These informal educators are for the most part warm, friendly people



Trusting 
• Enthusiastic, encouraging, and close-to-

students teachers are factors strongly linked 
to interest, motivation, and attitudes1 

• Trust strongly linked with belonging2 
• No one flunks informal education 
• Trust associated with warmth2 

• Teachers perceived as warmer than scientists2 

1. Potvin & Hasni, 2014      2. Fiske 

    Middle School Students’ Interest in Science 

Presenter
Presentation Notes
Students interest, motivation, and attitudes, seem to be strongly linked to enthusiastic, encouraging, and close-to-students teachers. Trust is strongly linked to belonging and to whether the other person is perceived as being on my side – friend or foe. Teachers may not always seem to be on the friend side of that equation for students. But no one flunks informal education. Dr Fiske says that trust is associated with warmth and that scientists are not perceived as warm.  Teachers are perceived as much warmer.  This is an issue for scientists.



Presenter
Presentation Notes
This survey suggests that Americans trusted scientists less in 2011 than they did 5 years earlier.



Congressman C.A. Dutch Ruppersberger 
at NanoFabulous opening, April 2012 

Senator Mike Enzi at the August 
2012 opening of Nano exhibition in 
Casper, Wyoming  

University of Vermont and ECHO run 
Café Scientifíque on nano 

Outreach to four locations with no 
access to science museums. 

Network of six 
sites in Arkansas 
providing PD and 
sharing exhibits 

A few of 150 
mini-grant 

projects 

Presenter
Presentation Notes
For the last few years we have given out about 40 mini-grants a year that allow partners to take NISE Net educational materials and do something new with them. They make exhibits, create new programs develop outreach activities, and do a wide range of things aimed at building nano content into ongoing work, reaching under-represented audiences with nano education, and strengthening partnerships for nano educational outreach. About 150 mini-grant projects have happened so far. A few have attracted Senators and Congressmen to opening events.



  

Nano Mini-exhibition (93 copies by 2015) 

Presenter
Presentation Notes
While NanoDays kit activities have been very successful, they require a facilitator to present them to the public. But an exhibit is designed to be self-facilitating (through iterative prototyping and evaluation of all of the components) and thus it is available to the public whenever the museum is open. And so the NISE Net developed a mini-exhibition it calls “Nano”



What all this suggests to me that scientists and 
professional organizations can do  

(perhaps in collaboration with informal educators) 

• Be present, be visible, be role models 
• Be warm, caring, trustworthy mentors 
• Work had to make things understandable 
• Find out what has meaning for your audience 
• Give away control–put it in their hands & minds 
• Reinforce and reward your audience’s capabilities 

- treat them as insiders 

Presenter
Presentation Notes
You can do these things because your are the science community. But you can do it better in partnership with informal science education professionals who have knowledge and skills complementary to yours.



  

Cynthia Needham, ICAN Productions 
This presentation is based on work supported by the National Science Foundation 
under Grant No. 0940143.  Any opinions, findings, and conclusions or 
recommendations expressed in this presentation are those of the authors and do 
not necessarily reflect the views of the Foundation.  

Thank you! 

www.nisenet.org         lbell@mos.org 
 

http://www.nisenet.org
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