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The Ocean Institute is a non-profit marine education facility in

Dana Point California.

The translation of science, remarkably, has become an art.  The practitioners of the art are found everywhere in newsrooms, classrooms, producers’ cutting rooms, universities and, the focus of this essay, informal science centers.  The art of translation, like any art, has a lot to do with creating successful connections to diverse audiences.  Also, as with any art, it is about vision, coordination, market pressures, talented people, and a willingness to think outside of the box.  

Obstacles abound for science centers to achieve excellence in communicating current science to public audiences.  And, yet, the payoff for a populace conversant on important topics such as hydrothermal vent communities, nanotechnology, stem cell research, biodiversity, or space exploration is obvious.  The challenges to our science centers can be numbing and include explosive progress along science and technology frontiers, mediocre general science literacy rate, continued deep cuts in funding for science education and skewed reward systems for scientists participating in education and outreach.  In addition, science centers have overwhelming internal challenges with relentless pressure for increased admissions revenue, limited incentives to tackle difficult content, understaffed education departments, and a general conservatism that inhibits much risk taking.   

Nevertheless, many informal science centers are rising to the challenge and positioning themselves as serious contributors to science literacy.  Science centers are slowly learning new methods for efficiently translating current science, testing new technologies or using old technologies in new ways, thinking more creatively about audiences and their evolving needs.  Science centers are exploring new ways of delivering current and relevant science content without resorting to sensationalizing or trivializing important scientific material.  Educational staffs are carrying more weight within organizations and better balancing mission and financial objectives.  Perhaps most important, however, is that the actual process of translating science is beginning to be better described and understood.  The critical steps, however, need to be analyzed for effectiveness and communicated to the field.  This essay will explore the evolution of the Ocean Institute’s translation process and share some lessons learned.  

Sea Floor Science: The Evolution of a New Process 

The Ocean Institute was fortunate to receive funding from the National Science Foundation for Sea Floor Science to examine the process of science translation in a new way.  The three-year project began in 2003 looking at exhibit convertibility and updatability.  We wanted to know how an exhibit could be developed to meet both the relatively modest needs of the public and also the rather stringent needs of an 18-hour middle school overnight program.  In addition, we were interested in how exhibits and programs might be designed to be more responsive to relevant scientific updates or developed quickly enough to represent current science.

We had some early successes and some noteworthy setbacks.  We were amazed at how amenable the science community was to participating in our project.  There was very little arm-twisting involved in 

attracting Jet Propulsion Lab, Scripps Institution of Oceanography, and Texas A&M/Institute of Nautical Archaeology as early partners.  We stumbled through a courting period with simplistic goals and a poorly articulated process.  We emerged with exhibit solutions that converted readily between middle school overnight and public programs.  For example, a 30’ tower was erected in our exhibit space and on weekday evenings middle school students can use a JPL cryobot to conduct experiments in ice melt rates; a working benthic seismometer from Scripps allows overnight students to conduct late night experiments measuring ground vibrations, and a replica 1-meter quadrat from the sunken city of Port Royal encourages in-depth training in underwater archaeological techniques of survey, excavation and conservation.  On weekends, public visitors use the same space to experiment with ice melting or drive a hydrobot and map the underside of Europa’s surface ice, jump up and down to create vibrations measured by a Scripps’ seismometer, and use an underwater magnetometer to search for hidden metal in the Port Royal model.  
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        quadrat.

Ultimately, we were disappointed in the depth of learning that we achieved in the public programs and came to recognize we had not come close to realizing the potential of our center to translate complex research.  We broadened our definition of the problem we were trying to solve.  We were now seeking to define a discreet set of steps that, in the context of an informal science center, would efficiently and effectively connect current research to the recreational needs of weekend public audiences and the rigorous science standards requirements of middle school students.  We concluded that direct involvement of researchers was critical to our success and the first step of the translation process would have to include solutions for improved recruitment from within the research community.  Scientists brought authenticity, accuracy, and real life stories that people could relate to and, above all, an emotional articulation of the bliss and utter glee they experience while exploring within their specialty.  Once researchers were recruited, our emerging process would have to define an efficient way to convert the science into the language of an informal science center.  How, for example, can you retain the integrity of a research project while distilling it into an effective exhibit or program?  Finally, the process would need to describe how the complex science would be expressed through a combination of informal science center tools.  

For the next year we honed our skills as recruiters, developed translation protocols and tested effective communication tools in three 4-month interactive exhibitions: Explorations! Focus on Underwater Archaeology; Slopes, Slides and Tsunamis; and Lights! Cameras! Interaction!  Following are some lessons learned and a brief case study on how our findings are informing our upcoming presentation of thermal vents and Exploring Life in the Extreme.

Scientist Recruitment: Tips for Translators 

It is possible to teach some science basics without scientist involvement, but to capture and communicate truly current science and invite visitors to experience the edge of a scientific frontier, where all the cool stuff happens and where young minds gain inspiration, you must be successful at recruiting scientists.  In 2002, we opened our Center for Cooperation in Research and Education to build more effective bridges between the science and education communities.  In just a few years, we developed partnerships with over 25 institutions and learned how to attract important scientists to our project, disproving the pervasive attitude that scientists are too busy, under-funded, or condescending to be valuable partners.  Following are some tips for attracting good science partners.  

Tip 1:  There are many places to connect with willing scientists.  While writing this article, I took a quick break to recruit a scientist for a springtime presentation on tsunamis.  I launched a blind e-mail request to a senior level PI at USC and received an immediate, succinct, and typical response: “happy to help, I’m busy for a few months, put me on the calendar for May or June.”  There are a surprising number of ways to connect with good scientists including science conferences, education departments within large research agencies (e.g. JPL, NOAA, USGS), funded collaborative-building projects (e.g. Centers for Ocean Sciences Education Excellence), outreach coordinators for large funded projects (RIDGE2000, NEPTUNE) and, of course, cold-calling.  I am not suggesting to go trolling for scientists, rather that good scientists are a critical part of a successful translation process and that they are out there and can (and should) be approached. Only on rare occasions were we completely rebuffed; instead we found honest conversation and willingness to engage.    

Tip 2: Become a broader impact solution for scientists.  ‘Broader impact’ is a selection criteria that funding agencies use and is based on a project’s impact on society.  Perhaps the best advice we can offer to others wishing to increase participation of scientists at their centers is to become a broader impact solution for their research.  Public funding agencies are applying increasing pressure to scientists to come up with ways to share their findings with broader public audiences.  The government reasons that the same general public that pays for the research will also make decisions on future funding.  Further, increased science literacy is believed to make the nation as a whole stronger and more competitive in a technology dependent world.  Investing in broader impact supports science literacy and also, in the long term, protects science funding.  Scientists appreciate the argument at an academic level but protest as proposals are being drafted and budgets prepared.  Rightfully, they are being asked to do something for which they are not trained, which is precisely where we come in.  The best way to recruit a scientist, then, is to understand their needs and indicate how you will help them meet their broader impact requirements.  If you can negotiate interesting and affordable solutions, you could be funded as a broader impact partner.  So, you get to have your (scientist) cake and eat it too! 

Tip 3:  Convince them that you will be efficient with their time.  
Scientists are busy and to be successful in recruiting you will need to convince them that you will be efficient with their time and accurate with your translation.  This means honest and accurate communication of scope, budget impacts and, most importantly, roles and responsibilities.  Good scientists want to partner with good project managers and fear most that their time will be compromised.  We calculate and communicate the number of hours of anticipated scientist involvement, and we stick to it.  We start and end meetings on time and if there is anything we can do to make things easier for our science partners, we do it willingly.
Translation: A Forced Alchemy

Scientists are busy and, for that matter, so are we.  Nobody has time to waste in the translation process, so efficiency is key.  Adapting a complex science project to the specific needs of middle school students and the public in an informal science center takes organization.  Creating better bridges between current science and public audiences means scientists have to be coaxed out of their comfort zones.  Scientists will need to learn an entirely new vernacular in order to be effective at forcing this alchemy.  We have been testing a translation process that helps scientists and informal science center staff to maximize their time and quickly begin working toward a common goal.  We prepare both sides for an initial 2.5-hour working session where informal science center staff arrives conversant on literature supporting scientists’ work and scientists arrive with command of middle school science standards and a qualitative rating scale of visitor experiences.  The working session seeks to first dissect the research activity and then identify the relevant parts that have the highest potential for meeting science standards and creating a strong visitor experience.
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   profile data from Scripps researcher Jeff Babcock.

Depending on the relevant science, technology, engineering, or math content that we are teaching, we might extract a tiny piece of a protocol, a scientist interview, or a look inside the equipment.  This translation process represents a significant paradigm shift in that research projects become a means for achieving learning objectives rather than an end themselves.  Within one week after the workshop, our staff develops a Program and Exhibit Concept Sheet listing presentation solutions and requirements from scientists.  The scientists review the list and sign up for only what they believe they can provide.

Informal Science Center Tools

One of our key findings for Sea Floor Science was that exhibits by themselves were too limiting to communicate complex scientific information.  They were not effective at reaching the diversity of audiences that we were hosting and they could not accommodate the depth of content that would be required for current science.  Instead, we developed and evaluated a palette of eight informal science center treatments for each science project we translated for public audiences.  We evaluated facilitated and non-facilitated exhibits, family kits, interactive scientist presentations, 60-minute activity tours, take-out science kits, and self-guided science explorations.   

The findings of a professional third-party evaluator, Randi Korn & Associates (RK&A) support the idea that multiple approaches are required to communicate complex science.  The 60-minute activity tour was particularly successful at showing science processes and providing visitors experience with current scientific techniques.  
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             the physics of underwater landslides.

The interactive scientist presentation was the best tool for engaging the broadest range of visitors and translating scientists’ passion for their work.  A typical comment, for example, “… in particular, his friendly demeanor, ability to talk with the public, and personal stories about first-hand experiences working aboard a research vessel impressed us.”  The family kits proved to be effective at driving parent-child interactions but attracted far fewer people than the other tools.  Finally, when all of the tools were employed simultaneously, we were successful at yielding an average rating of 6.2 out of 7 on enjoyment in learning about science and a 5.7 in establishing some form or relevancy to visitor’s lives.  Of the 123 visitors sampled, 45% could fully explain key messages about science partner research.

Translating Thermal Vent Science: A Brief Case Study 

The above findings informed the development of our upcoming presentation on hydrothermal vents in Exploring Life in the Extreme.  We engaged our new process from the beginning, recruiting some of the best scientists and meeting to identify components of their research that could best address our learning objectives.  We are currently developing appropriate tools for best expressing thermal vent science in our environment.

Recruitment began with a contact to the education coordinator for the RIDGE2000 group of 200-plus thermal vent scientists.  We presented ourselves as broader impact partners and stimulated enough interest to attract thermal vent researchers from five universities to attend a translation meeting.  More recruitment came as we negotiated a broader impact partnership as part of a successful NSF proposal called Smarter Sensing with Woods Hole Oceanographic Institution.  We drafted text for their proposal and agreed to translate research on developing smarter autonomous vehicles for exploring extreme environments like thermal vents.  Another broader impact partnership emerged with a successful NSF proposal with a researcher from Scripps looking at ecological segmentation of worms in methane-rich ‘extreme’ mud.  Finally, we qualified for an NSF-funded Distinguished Lecturer presentation and successfully recruited a thermal vent researcher from the College of William and Mary.     

When we met with RIDGE2000 scientists for a translation work session matrices like the one below guided our discussion. We were successful at identifying components from participating vent community researchers that could meet both visitor and student needs.  We found that some aspects of the research could be used to achieve simple low-level science center needs like displays or demonstrations (voucher collections of thermal vent animals, images, videos, equipment used to collect vent animals), while others could contribute to the higher levels of informal learning with visitors working directly with thermal vent research (e.g. dissection of thermal vent mussels, examining anaerobic bacterial communities, live videoconferences with researchers at sea), or experimenting with authentic deep-sea equipment (e.g. working thermal probes, methane sensors).  The concept plan emerged within one week and scientists throughout the RIDGE2000 network reviewed it and responded.  Within a month, a work plan was in place. 

	RIDGE2000 Translation Matrix
	Level 5
	Level 4
	Level 3
	Level 2
	Level 1

	 Grade 7 standards
	Cooperative
	Phenomenon  / Play
	Hands-on
	Simulation
	Display

	Students know that heat flows in solids by conduction and in fluids by conduction and by convection.
	
	Use of IR cameras to find heat sources
	Working probes
	Convection tank
	Thermal probes and video

	Students know matter is transferred over time from one organism to others in the food web and between organisms and the physical environment.
	
	
	
	
	Vent animal videos

	There are significant differences between cells living in specialized environments.
	Visitors build Winogradsky columns
	
	
	Columns show anaerobic and aerobic bacteria
	

	Students know plants and animals have levels of organization for structure and function, including cells, tissues, organs, organ systems, and the whole organism.
	Vent mussel dissection
	
	
	Videos showing internal anatomy
	Voucher collection of animals linked to video


Our process then dictated that we identify the best tools for expression of thermal vent science in our informal learning environment.  Our formative evaluations had indicated that the interactive presentation along with a series of 30-minute facilitated learning stations would be the most effective tools.  We would cease to call anything we developed ‘exhibit’ for fear of carrying the stigma of static display.  Instead, we would create three new, broadly defined, learning stations with powerful capabilities to accommodate a spectrum of activities from a non-facilitated casual visitor interaction to an 18-hour investigative short course.  The visitor experience will be highlighted with 30-minute guided investigations of vent mussel organs in the new Structure and Function Lab, testing sensors and complex behaviors of robots in the Robotics and Engineering Lab, and (in plan at the time of publication) using lasers and spectral photometry to show how life is detected with sensors in the new Ice and Extremes Lab.  An interactive presentation is currently under production that will use a combination of lecture, PowerPoint, video, and audience participation to connect thermal vent research to diverse audiences.  A display of 16 original thermal vent animal drawings from a noted scientific illustrator onboard Alvin along with footage of thermal vent communities will support a series of activities on art and observation.  In our theater, footage of a huge thermal vent called Godzilla will serve as a background for visitors challenged to learn the fine art of mosaics, where individual images are puzzled together to form a large picture of the vent.  An interesting collection of 15 preserved thermal vent animals is displayed in a lab environment where visitors can use barcode scanners on jarred specimens to access footage of individual animals in the context of a healthy vent community.  Departing the center altogether, visitors will board our 70’ R/V Sea Explorer and sort through animals retrieved from oxygen-starved mud environments to better understand Scripps’ research on animal distribution in extreme environments.  

[image: image5.wmf] 





  Visitors work together on a photomosaic challenge,




  tested during Focus on Underwater Archaeology.

Conclusion

The process for translating complex and current science into the language of informal science centers needs to be better understood and described.  We have presented some of our findings on recruitment, the translation process, and informal science center tools.  We have explored a simplified version of the process, however; this does not yet integrate additional complexities such as how market forces and economics play into the picture, or the role of volunteers, graduate students, and post-docs.  Further, while the translation process described works for the Ocean Institute, with our emphasis on educational programming, there needs to be more investigation on how the process might be applied successfully to other types of informal learning environments.

Harry Helling is the Executive Vice President of Education and Program Development at the Ocean Institute in Dana Point, California and the Principal Investigator for the National Science Foundation-funded Sea Floor Science.  Helling is also the director of the Institute’s Center for Cooperation in Research and Education with current broader impact projects that include development of a 5th grade Weather and Ocean Monitoring Unit in collaboration with the Southern California Coastal Ocean Observing Systems and a 2-year IT-training program for underserved teens with Scripps’ Marine Mammal Bioacoustics Lab. Contact hhelling@ocean-institute.org

Eric Solomon manages Sea Floor Science, an NSF funded program at the Ocean Institute that seeks innovative ways to link research and science education.  He has been involved in activity-oriented exhibit and program design in informal science education for over 12 years.  Contact esolomon@ocean-institute.org
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