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1. Course number and title

COS 590 - Science Communication: Best Practices for Savvy Scientists
Course Prerequisites

COMM 100 or 101 and ENGL 100 or 101, or permission of instructor.
This course is open to all George Mason students.  Graduate students in the College of Science and those studying the social sciences are encouraged to enroll with permission from their adviser.  
Catalog Description

Covers all aspects of science communication, including to colleagues/specialists, reporters, non-scientists, teams, and program managers.  Reviews research on effective science communication and develops the communication skills scientists need to meet career demands.
2. Course Justification

Objectives
The primary objective of this course is to improve the student’s communication abilities.  The course covers: 
1. communication among scientists, interpersonally and in teams, and their abilities to solve problems and work across disciplines on scientific matters; and

2. communication about science to larger audiences with emphasis on public constituencies or nonscientists.

Specifically, students learn:
· arguments for and against popularizing the latest advances in science;
· the barriers to communicating science through traditional and emerging media

· research on effective ways to overcome these barriers and communicate complexities through words and graphics;
· skills useful in communicating science through news stories, press releases, “elevator talks,”  policy initiatives, white papers, and campaigns;
· methods for analyzing popular coverage of science in the news, in public relations contexts, on the internet, and in television programming;
· steps for promoting the importance of their research to both a general audience and specialists.

Necessity
Scientists need to communicate with nonscientists in many contexts.  
Upon graduation, a GMU College of Science graduate will have given many presentations in a classroom setting where the communication is typically teacher-to-student and student-to-student.  In the workforce they will be exposed to a much broader range of interactions in terms of age, expertise, and interest.  In addition, they will be required to communicate in forums that include seminars, colloquia, team meetings, and possibly press conferences.      

The need for a course that helps develop their science communication skills is anecdotally justified by asking almost any employer for a list of three characteristics that they believe affect the success of a new graduate in the workforce.   Improved communication skills will invariably be on such lists.  This necessity has been justified more formally by, for example, Vest et al., [1996] who studied a national random sample of electrical engineers where respondents answered questions relating to the adequacy of communication preparation at their undergraduate institutions and provided recommendations for curricular change.  Based on both the survey and interview data, Vest et al. recommend adjusting curricula to (a) include the practice of cooperative problem solving; (b) make evaluation of communication competence a component of graduate education, and (c) require students to take both a technical writing and a public presentation course.

Vest, D., Long, M., & Anderson, T. (1996). Electrical engineers’ perceptions of communication training and their recommendations for curricular change: Results of a national survey. IEEE Transactions on Professional Communication, 39, 38-42.

Relationship to Existing Programs
Depending on the outcome of a pilot version of this course to be offered in Spring 2010 at the same time and location as COMM 399, section 002, Science and Media, we hope that a version of the proposed course might be developed to meet the needs of three audiences: (a) students in the proposed Professional Master’s program being developed by the College of Science; (b) undergraduates in the College of Science interested in meeting the synthesis requirement with a to-be-proposed course for COS in science communication, and (c) undergraduates in CHSS studying public relations and journalism who are likely to be involved in sharing science news as part of their professional lives.  For Spring 2010, COS 590 is available for graduate students to incorporate as an elective in their programs.
Relationship to Existing Courses
The general education requirement for a COS student includes 6-credits for written communication and 3-credits of oral communication.  These courses provide the student with fundamental communication skills that are expected for any college graduate.  The proposed course will build on these skills, and the students will learn communication skills that are specific and critical for success as a working scientist.  Further, since the course is being offered at a graduate level, students will read some research and theoretical analyses on the challenges associated with communicating science.  For example, one challenge is that science is often communicated to lay audiences in an atmosphere of controversy.  In such contexts, lay audiences may sense a lack of respect for their concerns.  This course will help participants consider contextual factors that make science communication challenging and provide practice in analyzing and addressing those challenges.  
A distinctive feature is that the proposed course will be offered simultaneously with a CHSS course (COMM 399, 002, Science and Media) being taken by public relations and journalism students so scientists will mix with non-scientists.  For example, students in CHSS course pursuing a journalism concentration are currently members of the CHSS 399 Science and Media class.  Their interest lies with enhancing their journalistic skills.

One graduate-level course that has related content to the proposed course is EOS 600 (1 credit):

Develops basic set of essential skills for scientific communication of written and oral materials. Oral skills focus on delivery of successful and informative presentations to both peers and the general public. Written communication skills focus on writing of scientific abstracts, manuscripts, and grant proposals. Meets objectives through combination of activities, including practical writing assignments, planned and extemporaneous oral presentations, discussion of grant preparation for extramural competition, and personal advice on developing and delivering oral presentations.

We have met with George Taylor, the faculty member who proposed this course, to discuss the relationship between COS 590 and EOS 600.  We agreed that the target audience and the focus of the courses were quite different;  EOS 600 assignments involve writing proposals, giving seminars, and writing papers and the course is intended for M.S. and Ph.D. students in the sciences who are weak in these areas or do not have a mentor who will help them improve in these critical skills.
A search in the university catalog for all entries with the keyword “communication” turned up no other courses for graduate students in the sciences that provide a distinctive focus on oral and written science communication skill development.
Overview of Teaching Methodology, Course Material Development, and Course Software
Teaching Methodology

1. Evaluation – Students will participate in the evaluation and critique of others, including science documents and presentations by classmates.

2. Formal Presentation – Each student will give at least three oral presentations and submit at least three written documents that target a specific audience.

3. Informal Presentation – Each student will be expected to participate in group discussions of readings or critiques. 

4. Role play (live case-study) – Each student will be expected to participate in at least one role-play exercise that simulates a scientist/journalist interaction.

In addition, the class offers a set of optional experiences such as visiting field sites, watching science television, and exploring popular science web sites.    (All experiences are designed to help students explore careers in science communication and to understand what goes on when science becomes news.)

Course Material Development

Parts 1c and 2 in the syllabus will be developed in early spring, 2010 by Rowan, Poland, and Weigel and integrated into COMM 399, which is being taught by Professor Rowan in spring 2010.
Course Software

None
3. Approval History

None.  Professor Rowan taught a version of this class for a dozen years at Purdue University.

4. Scheduling and Proposed Instructors

Semester of initial offering

This course will be taught in CHSS by Rowan in spring 2010.  We will work to get a few COS students enrolled under an independent study course while the course goes through the approval process.

Proposed Instructors

A. Poland (CDS), R. Weigel, (CDS), K. Rowan (COMM), K. Borne (CDS)

5. Tentative Syllabus
Science Communication

Best Practices for Savvy Scientists

COS 590

Semester

Day

Time

Instructor

Overview
This is NOT a sit-back-and-listen class.  In it, students analyze and participate in a series of communication scenarios such as (a) interviews with journalists and (b) “pitches” or “elevator talks” aimed at encouraging colleagues in other disciplines, legislators, and funding organizations to join a scientific project, back a policy initiative, or support a proposed research effort financially.  Graduate students will interact with student journalists and students studying public relations to learn the sorts of questions lay audiences may have about scientific projects and ways in which to demonstrate respect for lay audiences’ concerns.   Students will receive feedback on oral presentations and writing assignments prior to grades.  They will have opportunities to visit area labs and field sites where science is shared with lay audiences..   All experiences are designed to help students develop science communication skills and an understanding of the challenges and opportunities associated with sharing science with lay audiences.   
Objectives
The primary objective of this course is to improve the student’s communication abilities.  The course covers: 
1. communication among scientists, interpersonally and in teams, and their abilities to solve problems and work across disciplines on scientific matters; and

2. communication about science to larger audiences with emphasis on public constituencies or nonscientists.


1. 
2. 
Specifically, students learn:
· arguments for and against popularizing the latest science;
· the barriers to communicating science through traditional and emerging media;
· research on effective ways to overcome these barriers and communicate complexities through words and graphics;
· skills useful in communicating science through news stories, press releases, and public presentations;
· methods for analyzing popular coverage of science in the news, in public relations contexts, on the Internet, and in television programming; and
· obstacles to effective communication in scientist-to-scientist or team interaction and methods for overcoming these obstacles.
Grading

Students receive feedback on major oral and written assignments before receiving a grade.  This system allows students to benefit from feedback before having to turn in work for a grade.  The course will be graded on a 100 point scale, and grades assigned using the University grading system for graduate courses.  Please contact Prof. Rowan at krowan@gmu.edu if more information about the grading system is needed.  
Schedule

Week 1: Cover part 1a in outline.  Assignment 1.

Week 2: Discussion of debate assignment.  Discussion of reading.  Cover part 1b(i)-(ii) in outline.

Week 3: Cover part 1b(ii)-(vi) in outline. Project 1 (evaluate science presentations).

Week 4: Cover part 1c(i)-(iii) in outline.

Week 5: Cover part 1c(iv)-(v)

Week 6: Guest speaker and follow-up discussion

Week 7: Covert part 2a

Week 8: Cover part 2b.  Activity 1 (elevator talk)

Week 9: Cover part 2c

Week 10: Guest speaker and follow-up discussion

Week 11: Project assignment

Week 12: Project presentation

Week 13: Project presentation
Outline

1) Why Communication Matters

a) Informing the public:  Why bother?
i) Reading on a debate between a Purdue University professor and Isaac Asimov over whether public money should be spent to inform the public about science.  Asimov argues yes.  The Purdue professor takes a devil’s advocate position and argues no.

ii) Discussion of why communicating about science matters
iii) Readings – 

(1) BLOCKSTEIN, D. E. (2002). HOW TO LOSE YOUR POLITICAL VIRGINITY WHILE KEEPING YOUR SCIENTIFIC CREDIBILITY. BIOSCIENCE, 52, 91-96.
(2) Bruland, P. A. (2000, Sept-Oct). Oral presentations in science and medicine.  An art in decline? Anticancer research, 20, 2795-2799. Web of Science database IDS # 367BQ; ISSN# 0250-7005. 

b) Talking to the public about your scientific research

i) What we know about contexts where people enjoy science

(1) Research from museums, science centers, zoos, TV, and other informal settings where people choose to encounter science.
(2) Implications of this research for scientists --- strategies for answering so what and who cares.
ii) What we know about contexts where people dislike science

(1) Research from formal education contexts (required classes)

(2) Implications of this research for scientists and researchers who also teach gen. ed. Courses How should we change our approach when teaching scientists versus non.
iii) The tradition of the great public lecture:  e.g., Michael Faraday’s “Chemistry of the Christmas Candle” lecture

iv) Cognitive development:  how people think about scientific phenomena (very concretely and egocentrically—e.g., real, visible, touchable, human relevance) 

v) Three sources of likely confusion and research-guided steps from science education on ways to overcome them

(1) Familiar words used in precise ways

(2) Structures, or processes difficult to visualize

(3) Topics that are hard to understand because they are inconsistent with obdurate lay theories

vi) Types of explanation that overcome confusion

(1) Elucidating explanation (i.e., a special kind of defining

(2) Quasi-scientific explanation (i.e., steps to encourage visualizing)

(3) Transformative explanation (i.e., steps to help people recognize and reject lay theories)

c) Talking to fellow scientists in differing disciplines

i) Locating and negotiating shared knowledge

ii) Showing respect – a common fear of scientists early in their career is that they will insult the audience if their explanations are too simple. 

iii) Anticipating and overcoming likely confusions or misunderstandings

(1) Misunderstandings of key terms e.g., what counts as climate to a meteorologist vs. a climate scientist (Scientists in different fields use different vocabularies. Different words for the same thing.)

(2) Misunderstandings because of differing norms and customs in differing fields, e.g., in astronomy and error of a factor-of-ten is not bad, but for an estimate of climate change a factor of ten uncertainty is not acceptable.

iv) Talking to policy makers to gain funding for your projects. What do they care about? How do you present it?

(1) Describe a one pager

(2) Backup material for the staff

(3) Verbal

(4) Present an example

(5) Class work will involve picking a topic, preparing a one page summary, and presenting your findings with backup references.

2) Teaching science

a) Teaching classes in science at introductory levels

i) How is science explained in these courses?  Do the instructors account for things we know about how to communicate science?

ii) How are these teachers prepared?

iii) What are some of the perspectives of those who teach these courses?

iv) Differences between how things are taught to science majors versus non-majors.

b) Giving public talks about your research 

i) Preparing the talk:  Learning the audience’s interests and concerns 
ii) The introduction and getting their attention

iii) Order of presentation of material – think about them, not you

iv) Vocabulary – are you there to impress or inspire and explain?

v) The end – what one simple message do you want them to take home?

vi) An aside – your colleagues will not like your presentation

c)  Explaining your science to reporters

i) What do they want and what do you want? They are there to sell papers, information is secondary: work to benefit both parties

ii) The message must be simple

iii) Negative doesn’t work

iv) Sound bytes

v) Trick questions that can be twisted

vi) Exciting pictures and/or movies will get you far

vii) Work assignment: 

(1) For scientists – prepare something for the news media and prepare to be interviewed

(2) For non-scientists – prepare to interview a scientist and write up a story

(3) For scientists – review and edit the news story.

Activities, Projects, and Assignments
Assignment 1: Who won debate between a Purdue University professor and Isaac Asimov?  Write a brief essay offering opinion and be prepared to discuss.

Project 1 (evaluate science presentations): Locate two presentations of a science topic, e.g., a museum and a zoo presenting the same topic or a presentation on Bill Nye the Science Guy vs. a presentation in a middle-school science textbook.  Compare and contrast the two.  Identify the explanatory techniques being used in each.  Name them.  Then, decide which presentation is better.  Explain your assessment in a short paper to your professor and then prepare a presentation to explain your assessment to your classmates.
Activity 1 (Elevator Talk): 

Objectives:  Science students produce a polished one-minute elevator talk explaining a scientific idea or finding important in their major.  The talk must be understandable to someone with no background in their field but with an interest in funding intriguing research.  The talk must use no notes or graphics.   
Communication students do Option A or B. 

· Option A: Select THREE of these short elevator talks that have potential as stories for the Mason College of Science home page section on research news.  Identify and audio-record the three best quotes or one-sentence statements from these talks that explain the topic clearly and intrigue lay audiences.  Communication students will write a “pitch” email to editor of the COS home page encouraging the editor to do a story on that topic.  The pitch must include background material on the pitched topic and contact information for the story sources. 

· Option B:  Select THREE of these short elevator talks and write a pitch about them to business leaders in the Washington, DC, area interested in funding research with money-making potential.  Identify and audio-record the three best quotes or one-sentence statements from these talks that explain the topic clearly and should intrigue the business community.  The pitch must include background material explaining the pitched topic clearly and contact information on the scientists doing the discussed research. 

Steps and support for activity: 

1.  Short lectures and readings on effective elevator talks and pitches 

2.  Opportunities to produce first versions of elevator talks and pitches that receive feedback from the instructor and from guest professionals on their effectiveness prior to receiving a final grade on these efforts. 

3.  Opportunities to use the final, polished versions of these elevator talks and pitches at an afternoon social where students mingle with scientists, business leaders, and journalists (that is, have a party in class and invite professionals to listen to the students’ elevator talks).

Bibliography 
Note:  This bibliography was built for a project sponsored by the National Science Foundation and the National Communication Association.  The proposed course is informed by scholarship listed here. Some readings listed here may be assigned or recommended.
The bibliography has three major sections:

I. Scientists/engineers’ communication among themselves, interpersonally and in teams, and their ability to solve problems and work across scientific and other disciplines.

A. Engineers’ communication among themselves and on multidisciplinary teams, p. 3.

B. Scientists’ communication among themselves and on multidisciplinary teams, p. 5.

II. Scientists/engineers’ communication with larger audiences with emphasis on lay and public constituencies and nonscientists.

A. Communicating with lay audiences, p. 7.

B. Communicating with media, p. 13.

C. Communicating through government, p. 21.

III. Teaching communication skills essential for scientists/engineers, p. 23.

A. A brief look at research on teaching communication, p. 23.

B. A brief look at resources for teaching the skills of listening, relating, and presenting, p. 24. 

C. A brief look at informative and explanatory communication, p. 25.

D. For sources on deliberation, collaboration, and teamwork skills, see I.

E. For sources on skills needed in mediated communication, see II.

Users will find that entries in the three categories could sometimes find a home in the other two.  The bibliography is not exhaustive; instead, it selectively highlights sources that may be of use to conference participants.  It should spur thought about the sources it includes as well as sources that should be included in further work.  

The bibliography contains items at three levels of importance.  Important items are cited.  Particularly important items are annotated.  Exceptionally useful items are annotated and available from NCA in hard copy to any conference participant who wishes to read them in full.  Users will see full-sentence notes in boldface next to these exceptionally useful sources.

Sources Used for the Bibliography

The databases consulted for this bibliography include Expanded Academic Index, Current Contents, Web of Science, and the Index to Journals in Communication Studies by R. J. Matlon and Sylvia P. Ortiz.  A prototype of the latest CD-ROM version of this Index to communication journals was made available to the bibliographers by NCA.  Also tapped for this project were the annotated bibliographies of science communication research in Scientists and Journalists by S. Friedman, S. Dunwoody, and C. L. Rogers (1986) and the continually updated science communication bibliography in the journal Public Understanding of Science.   The websites consulted for this project are listed throughout the bibliography.  In general, this project bibliography features work done in the last decade more than it does older research, though some classic sources are included.

Section I:  Scientists’ and engineers’ communication among themselves, interpersonally and in teams, and their ability to solve problems and work across scientific and other disciplines

I. A.  Engineers’ communication among themselves and on multidisciplinary teams.

Chess, C., Tamuz, M., Saville, A., & Greenberg, M. (1992). Reducing uncertainty and increasing credibility: The case of Sybron Chemicals, Inc.  Industrial Crisis Quarterly, 6, 55-70. 

Chess et al. show the links between good communication practices within a company and good external relations with stakeholders in this case study.  For examples of research on risk communication, the study of sharing meaning about physical hazards, see the website for Chess’ and colleagues work at the Center for Environmental Communication.    www.aesop.rutgers.edu/~cec
Folger, H.S. (1997). Teaching critical thinking, creative thinking, and problem solving in the digital age. Stillwater, OK: Oklahoma State University Press.

Provides results of a U of Michigan Chemical Engineering Alumni Survey (1955-1995) detailing six critical skills and abilities required for all engineering students:  thorough understanding of fundamental principles; ability to define problems correctly; ability to generate creative solutions; life-long learning skills (adaptation); ability to communicate effectively and efficiently in both oral and written reports; and the ability to work effectively and efficiently in groups.


Grulke, E. A., Beert, D. C., & Lane, D. R. (2001). The effects of physical environment on engineering team performance: A case study. Journal of Engineering Education, 90, 319-330. Website is www.asee.org/jee
This collaborative study involving a multi-disciplinary research team (chemical engineering, interior design, and communication) investigated the effects of physical environment on the performance of student teams.  Six engineering teams were evaluated in a timed case study.  The three treatment teams in the technology classroom scored significantly higher in their work product (a memo) than did the control group.

Kryder, L. G. (1999). Mentors, models, and clients: Using the professional engineering community to identify and teach engineering genres. IEEE Transactions on Professional Communication, 42, 3-11.

Writing program faculty at the University of California, Santa Barbara developed a unique three-quarter writing sequence for College of Engineering freshmen.  These students write a variety of engineering documents, design proposals, project management plans, status reports, instructions, poster papers, etc.  Although this curriculum benefits from a three-quarter sequence, the methods used are applicable to shorter courses in academic and industry settings.  www.ieepcs.org/transactions/42-1
Vest, D., Long, M., & Anderson, T. (1996). Electrical engineers’ perceptions of communication training and their recommendations for curricular change: Results of a national survey. IEEE Transactions on Professional Communication, 39, 38-42.

In a national random sample of electrical engineers, respondents answered questions relating to the adequacy of communication preparation at their undergraduate institutions, and they provided recommendations for curricular change to better prepare students for common communication tasks in the work place.  The results of this survey are compared to observations made by engineers during in-depth interviews (as reported in the March 1995 issue of this journal); in both studies, engineers responded that communication is a central activity that consumes fully half of the working day.  Based on both the survey and interview data, the authors recommend adjusting curricula to include the practice of cooperative problem solving, to make evaluation of communication competence a component of graduate education and to require students to take both a technical writing and public presentation course. www.ieepcs.org/transactions/39-1.

Seat, E., Parsons, J. R., & Poppen, W.A. (2001). Enabling engineering performance skills: A program to teach communication, leadership, and teamwork. Journal of Engineering Education,  90, 7-12.

One of the most recent publications to link engineering and communication and to categorize communication skills/functions as "performance skills."  Provides a rationale that communication is important to engineers.  The authors write:   “It is no secret that the quality of interpersonal, communication, and team skills in engineering graduates--termed performance skills-- is of concern to both industry employers and engineering
educators."

I. B.  Scientists’ communication among themselves and on multidisciplinary teams. 

Agrawal, A. (2001, June 1). The all-important research talk: Learning how to do it. Science’s Next Wave. http://nextwave.sciencemag.org/cgi/content/full/2001 [This publication is subscription-based so people not at subscribing institutions will be prompted for access codes. For two sample months those are username: nwdemo & password 5holly12 (December) and 29cold1 (January)]; for more relevant citations to Science’s Next Wave and The Scientist, see Richard Cherwitz’s web site:  www.utexas.edu/ogs/media.html
Atkinson, M. (1994). Regulation of science by “peer review.” Studies in History and Philosophy of Science, 25, 147-159.  

Bazerman, C. (1988). Shaping written knowledge: The genre and activity of the experimental article in science. Madison: University of Wisconsin Press.

Campbell, J. A. (1986). Scientific revolution and the grammar of culture: The case of Darwin’s Origin. The Quarterly Journal of Speech, 72, 351-376.

Campbell, J. A. (1989). The Invisible Rhetorician: Charles Darwin’s ‘Third Party’ Strategy. Rhetorica, 7, 55-85.

Campbell, J. A. (1990). Scientific discovery and rhetorical invention: The path to Darwin’s Origin. In H. W. Simons (Ed.), The rhetorical turn, invention and persuasion in the conduct of inquiry (pp. 58-90). Chicago: University of Chicago.

Campbell, J. A. (1994). Of orchids, insects and natural theology: Timing, tactics and cultural critique in Darwin’s post-Origin strategy. Argumentation, 8, 63-80.

Campbell, J. A., & Benson, K. (1996). The rhetorical turn in science studies. Quarterly Journal of Speech, 82, 74-109.

Ceccarelli, L. (2001). Shaping Science with Rhetoric: The Cases of Dobzhansky, Schrödinger, and Wilson. Chicago: University of Chicago Press.

How do scientists persuade their colleagues to engage in interdisciplinary research?  By examining three case studies of scientists seeking to build bridges between competing fields, this book identifies which strategies work and which do not work to motivate scientists to move outside their disciplinary domains.

Devine, K. (2001, March 5). Developing intellectual entrepreneurship. The Scientist, 15, 32.

Fahnestock, J. (1999). Rhetorical Figures in Science. New York: Oxford University Press.

This book examines how some traditional figures of speech are used in scientific discourse to shape thought and argumentation.  Often without knowing it, scientists use antithesis, incrementum, gradatio, antimetabole, ploche, and polyptoton as strategies of reasoning and communication.  The author of this book offers a detailed description of these rhetorical tools and a careful reading of case studies from many different scientific fields to illustrate their use.

Gross, A. G. (1996). The rhetoric of science. Reprint edition. Cambridge: Harvard University Press.

Gross, A. G., Harmon, J. E., & Reidy, M. S. (2002). Communicating science: The scientific article from the 17th century to the present. New York: Oxford University Press.

Halloran, S. M. (1984). The birth of molecular biology: An essay in the rhetorical criticism of scientific discourse. Rhetoric Review, 3, 70-83.
Jensen, D. (2001, March 16). Behavioral style: Understanding communication styles can advance your relationships—and your career prospects. Science’s Next Wave.  http://nextwave.sciencemag.org/cgi/content/full/2001/03/15/2  (for access code information, see the Agrawal citation above)

Keith, W., & Cherwitz, R. (1988). Objectivity, disagreement and the rhetoric of inquiry.  In H. W. Simons (Ed.) Rhetoric in the human sciences (pp. 195-210).  Newbury Park, CA: Sage.

Klotz, E. (2001, February 16). Developing the skills you need to succeed: Tales of association postdocs. Science’s Next Wave.  http://nextwave.sciencemag.org/cgi/content/full/2001/03/15/2  (for access code information, see the Agrawal citation above)

Miller, C.  (1992). Kairos in the Rhetoric of Science. In S. P. Witte, N. Nakadate, & R. D. Cherry (Eds.), A Rhetoric of Doing: Essays on Written Discourse in Honor of James L. Kinneavy (pp. 310-327). Carbondale: Southern Illinois University Press.

Miller, C. M. (1993). Framing arguments in a technical controversy: Assumptions about science and technology in the decision to launch the space shuttle Challenger. Journal of Technical Writing and Communication, 23, 99-115.  

Myers, G. (1990). Writing Biology: Texts in the Social Construction of Scientific Knowledge. Madison: University of Wisconsin Press.

Although included in the “scientists speaking to other scientists” section of this bibliography, this book has chapters on several different genres of scientific communication, from the journal article, to the grant proposal, to the popular science essay.   Although it takes a social constructivist approach that some scientists might find annoying, it offers a detailed and well-researched look at how biologists write and re-write texts to achieve specific persuasive purposes.

Nash, W. (Ed.). (1990). The writing scholar: Studies in academic discourse. Newbury Park, CA: Sage.

Pera, M. (1994). The discourses of science. Chicago: University of Chicago.

Prelli, L. (1989). A rhetoric of science: Inventing scientific discourse. Columbia, SC: University of South Carolina Press.
This book, now out of print but available used and in libraries, is a great introduction to the field of rhetorical inquiry and its application to science.  The author introduces rhetorical tools like stasis theory and topoi, then adapts these classical approaches to make them more appropriate to the study of scientific discourse.  The book also contains some case studies in which scientific controversies are analyzed with these tools.

Sincell, M. (2000, Jan. 7). New program helps with professional development.  Science’s Next Wave.  http://nextwave.sciencemag.org/cgi/content/full/2001/03/15/2  (for access code information, see the Agrawal citation above)

Yonay, Y. (2000). An ethnographer’s credo: Methodological reflections following an anthropological journey among the econ. Journal of Economic Issues, 34, 341-357 [online] Expanded Academic Index.

II.  Scientists’ and engineers’ abilities to communicate about science with nonscientists, particularly lay and public constituencies. 
II. A.  Communicating with lay audiences.

Blockstein, D. E. (2002). How to lose your political virginity while keeping your scientific credibility. Bioscience, 52, 91-96.  
Argues that scientists have much to contribute to the process of making political decisions about technology and environmental policy.  The author emphasizes that scientists should not regard advocacy as anathema but should take part in it.  They should do so in the right way, however, and Blockstein emphasizes the importance of presenting caveats, identifying uncertainties, avoiding hyperbole, basing interpretations on peer-reviewed findings, presenting margins of error, and otherwise obeying the rules of science.  Only in this way can scientists participate responsibly and encourage the confidence of the public in what they have to say.

Bruland, P. A. (2000, Sept-Oct). Oral presentations in science and medicine.  An art in decline? Anticancer research, 20, 2795-2799. Web of Science database IDS # 367BQ; ISSN# 0250-7005. 

Chess, C., & Hance, B. J. (1994). Communicating with the public: Ten questions environmental managers should ask. Brochure available from the Center for Environmental Communication, Cook College, Rutgers, P. O. Box 231, New Brunswick, NJ.  

This brochure encourages engineers and scientists to listen to the public by asking thoughtful questions before presenting messages.  It lists a number of common objections to listening such as “We can’t trust the public to use the information correctly” and “The lawyers won’t let us say anything.”  At one point the brochure suggests ways to listen to the public.  Some of these ways include telephone calls to opinion leaders, citizen advisory groups, and interactive workshops.  This brochure was listed No. 1 on the Society for Risk Analysis' must-read list for industry communicators.  Other research-supported publications by Chess and other faculty associated with the Center for Environmental Communication are available at the Center’s website: www.aesop.rutgers.edu/~cec
Collins, H. M. (1987). Certainty and the public understanding of science. Social Studies of Science, 17, 689-713. 

Condit, C.  (1999). The meanings of the gene: Public debates about human heredity. Madison: University of Wisconsin Press.

By examining public accounts of genetic science over time, this book is designed “to use rhetorical analysis as an academic tool to improve the practice of science in society in targeted ways.”  Condit combines the humanistic assumptions of rhetorical criticism with quantitative social scientific research methods to examine hundreds of magazine articles from 1900-1995.  She locates common metaphors, narratives, and values in four different time periods, and discovers that surprisingly, some of the critics’ worst fears about overly simplistic understandings in the public perception of science are not warranted.

Coombs, T. W. (1999). Ongoing crisis communication: Planning, managing, and responding. Newbury Park, CA: Sage.

Author’s abstract: “Explaining how crisis management can prevent or reduce threats of a crisis, this book provides guidelines for how best to act and react in an emergency situation.  Drawing on firsthand experience in crisis management, Coombs provides detailed explanations about preparing for crises, detecting crises, and preventing crises.”

Bibliographer’s note:  A key point in Coomb’s analysis is that crises are best viewed as episodes in on-going relationships between organizations and key publics.

Dickson, D. (1999). Commentary: Getting the message out. Science Communication, 21, 196-199. Research Library Complete, Accessed 3/13/02.

Farmelo, G. (2000, January 7). Why should scientists bother talking to the public? Science’s Next Wave.    http://nextwave.sciencemag.org/cgi/content/full/2001/03/15/2  (for access code information, see the Agrawal citation above)

Farrell, T. B. & Goodnight, G. T. (1981). Accidental rhetoric: The root metaphors of Three Mile Island. Communication Monographs, 48, 271-300.

Fuller, S. (2000). The governance of science: Ideology and the future of the open society. Buckingham: Open University Press.

Gold, B. D. (2001). The Aldo Leopold Leadership Program: Training environmental scientists to be civic scientists. Science Communication, 23, 41-49.  

Goldbort. R. C. (1998, April). Scientific writing: Three neglected aspects. Journal of Environmental Health, 60, 26-29. Expanded Academic Index: Article A57533204.

Gross, A. G. (1984). Public debates as failed social dramas: The recombinant DNA controversy. Quarterly Journal of Speech, 70, 397-409.

Lessl, T. M. (1985). Science and the sacred cosmos: The ideological rhetoric of Carl Sagen. Quarterly Journal of Speech, 71, 175-187.

Lievrouw, L. A. (1990). Communication and the social representation of scientific knowledge. Critical Studies in Mass Communication, 7, 1-10.

Lyne J. & Howe, H. F. (1990). The rhetoric of expertise: E. O. Wilson and sociobiology. The Quarterly Journal of Speech, 76, 134-51.

This article traces how the standards of proof change as a scientist makes arguments before different audiences.  The authors argue that Wilson moves further from his realm of expertise as he migrates from an intradisciplinary frame to an interdisciplinary frame to an extradisciplinary (or public) frame. 

Miller, J. D., & Barrington, T. M. (1981). The acquisition and retention of scientific information.  Journal of Communication, 31, 178-189.

Mitchell, G. R. (2000). Strategic deception: Rhetoric, science, and politics in missile defense advocacy. East Lansing: Michigan State.

National Research Council (1989).  Improving risk communication.  Washington, DC: National Academy Press.
A committee of the National Research Council (the Committee on Risk Perception and Communication) developed this report in response to popular concern about physical hazards, particularly hazards created by contemporary technologies (e.g., nuclear power plants).  The report reviews research on risk perception, i.e., discrepancies between “lay” and “expert” views of physical hazards.  As part of this report, Baruch Fischhoff, one of the leading scholars on risk perception, provides an extensive appendix summarizing risk perception research.  The committee makes an important step in its report by not defining risk communication as efforts to overcome political opposition to some technology, but rather as “an interactive process of exchange of information and opinions among individuals, groups and institutions” (p. 21).  Success in risk communication is defined not as achieving consensus but rather as raising “the level of understanding . . . [of] those involved” (p. 26).

Rowan, K. E. (1991). Goals, obstacles, and strategies in risk communication: A problem-solving approach to improving communication about risks. Journal of Applied Communication Research, 19, 300-329.

Research in the field of risk communication, the study of communication about physical hazards, has chiefly focused on enhancing understanding of risk concepts or making risk management more democratic.  For risk communication to be effective, involved parties need to respect the need for both democratic decision-making and education.  This article offers a rhetorical or problem-solving approach to risk communication that avoids de-legitimating either democratic or educational goals and instead offers a “problem solving” framework for anticipating likely tensions inherent in risk communication situations.  This essay discusses five goals created by this cluster of inherent tensions.  The five goals are organized into the mnemonic, “CAUSE.”  That is, risk communication involves earning Confidence, creating Awareness, deepening Understanding, encouraging Satisfaction, and motivating Enactment.  Importantly, in communicating about physical risks, one must typically earn confidence through respectful listening (the “C” in the CAUSE model) before attempting to deepen understanding (the “U” in the model).  This essay summarizes research on achieving four of the communication goals indexed by this model.

Rowan, K. E. (1991). When simple language fails: Presenting difficult science to the public. Journal of Technical Writing and Communication, 21, 369-382. 

Many textbooks offer communicators a rich array of useful tools for informing and explaining.  These tools include simple words, visuals, examples, organizational frameworks, and the like.  What’s missing from these discussions is an analysis of likely sources of confusion that result when people try to understand complexities.  This essay identifies three common sources of confusion frequently encountered when science is being presented to nonscientists and describes research-supported steps for overcoming these confusions.  The three sources of confusion are (a) familiar words intended in discipline-specific ways (e.g., the term chemical is apt to refer to chemical compounds when a chemist uses it instead of “anything artificial” as it is used in everyday language); (b) structures and processes hard to understand because they are hard to visualize (e.g., how the stomach distinguishes its own lining from a recently consumed slice of roast beef); and (c) ideas difficult to comprehend because they are counter-intuitive (e.g., that the Earth is weightless or, as the USDA now says, it is no longer safe to cook meat by look: one must use a meat thermometer to cook safely).  

To help people distinguish intended from associated meanings of key terms, this essay says communicators should (a) explain what the key term does not mean; (b) explain what it does, (c) give an array of examples, and (d) give a “nonexample,” an instance apt to be wrongly viewed as an example.  To help people visualize the complex, communicators should offer verbal and visual aids such as analogies and diagrams, and to help audiences consider the counter-intuitive, research in science education recommends (a) helping lay audiences state their own lay notions, (b) acknowledging the apparent merit of these notions, (c) creating dissatisfaction with lay notions by discussing familiar experiences that call the lay theory into question, and then (d) presenting orthodox scientific accounts of the phenomenon in question.   In sum, the key to good explaining is to identify the principal source of confusion and to address that confusion with steps specifically designed to overcome it.   

Sandman, P. M. (1983). Responding to community outrage: Strategies for effective risk communication. Fairfax, VA: American Industrial Hygiene Association. See the abstract that follows for the gist of Sandman’s work.  This book is an excellent 100-page treatment of his key points.  

Sandman, P. M., Weinstein, N. D., & Hallman, W. K. (1998). Communications to reduce risk underestimation and overestimation. Risk Decision and Policy, 3, 93-108.

Sandman’s abstract from his web page:  “The experiment reported in this article deals with ways of depicting risk when you are trying to get people to realize how serious the risk is ….or how serious it isn’t.  In other words, how do you explain risk data so your audience will neither underestimate nor overestimate its seriousness?  This study shows some strategies that help, even in the face of outrage.  The study also documents . . . that outrage does make people consider a risk more serious.

Bibliographer’s note:  Peter Sandman is a communication scholar who has become well known as a risk communication consultant.  He is famous for his  “formula” that Risk = Hazard + Outrage.  This notion is based on risk perception research.  In essence, it says that the risks people feel have been imposed on them by others, such as the risk posed by pesticide residue on food or the risk of hazardous nuclear waste, are more upsetting (i.e., “outrage producing”) than risks that are not perceived as being imposed on people by fellow humans (e.g., risks associated with dangerous sports, driving, smoking, eating an unbalanced diet).  Unfortunately, Sandman says, the risks that upset people are often not those that kill them.  Sandman offers steps for reducing or increasing “outrage,” that is, concern about some physical hazard.  For example, his strategies for “reducing outrage” and “earning trust” involve paying considerable attention to one’s audience, listening to them, respecting them, and allowing them to monitor or control engineering and scientific practices that affect their daily lives.  For more on Sandman’s work and that of his colleagues, many of whom are affiliated with the Center for Environmental Communication at Rutgers University, see www.psandman.com
Thompson, P. (1999). The ethics of truth-telling and the problem of risk. Science and Engineering Ethics, 5, 489-510.

Thompson, P., & Dean, W. (1996). Competing conceptions of risk. Risk: Health, Safety and Environment, 7, 361-384.

Treise, D., & Weigold, M. F. (2002). Advancing science communication: A survey of science communicators. Science Communication, 23, 310-322. 

Author’s abstract: Scholars of science communication have identified many issues that may help to explain why science communication is not as "effective" as it could be. This article presents results from an exploratory study that consisted of an open-ended survey of science writers, editors, and science communication researchers. Results suggest that practitioners share many issues of concern to scholars. Implications are that a clear agenda for science communication research now exists and that empirical research is needed to improve the practice of communicating science.

Bibliographer’s note:  This article is useful because it identifies issues that preclude effective mediated communication between public audiences and scientists. These issues are: scientific illiteracy on behalf of the public or media, issues in the journalistic process, and the hurdles that scientists face (language, lack of professional support for effective public communication, and varying degrees of understanding among public audiences). Moreover, scientists often express frustration with media coverage of science. This article is useful because it presents the results of a survey. Respondents identified scientific illiteracy, the demands of doing science itself, focus on hype, new technology (such as the internet), and lack of scientist and journalist training as the major causes of communication ineffectiveness. Although the study does not provide specific steps for a scientist to improve their communication skills, it is useful because it provides preliminary indications of why there is a problem in communicating science to the public. Finally, the study suggests that science literacy is one of the major concerns in effective communication. This is instructive to scientists who wish to communicate more effectively because it suggests that lack of understanding of the complex language and concepts of science are a major barrier to public understanding.

Warnick, B. & Manusov, V. (2000). The organization of justificatory discourse in interaction: A comparison within and across cultures. Argumentation, 14, 381-404.

Although this study did not specifically concern scientific communication, it might be useful to the project.  Warnick and Manusov reviewed the extensive work on cultural differences in reasoning patterns that has been published in the fields of contrastive rhetoric and intercultural communication.  When a group whose reasoning is largely deductive and inductive in nature (scientists and engineers, for example) tries to make arguments for groups accustomed to narratives (lay publics, for example), the differences between the two groups in their customary use of reasoning patterns can be a barrier to communication.  One part of adapting to a nonprofessional, nonscientific audience may lie in adjusting the modes of thought and reasoning that are used to communicate with them.

Weber, J. R. & Word, C. S. (2001). The communication process as evaluative context: What do nonscientists hear when scientists speak? Bioscience, 51, 487-496.  Expanded Academic Index: Article A77336558. 
This article is invaluable, original, insightful, and helpful.  The authors’ work was supported by the U. S. Department of Energy.  The authors studied interaction in focus groups in which scientists attempted to explain science-based proposals to nonscientists.  They note that scientists often tacitly subscribe to a transmission model of communication in which they communicate their message to a passive audience.  The authors argue for and cite alternate models of communication as an ongoing process of sending messages, negotiating the meanings of terms and referents, interpreting messages, and dealing with a variety of responses.  They noted that the nonscientists in their focus groups viewed what was intended to be informative communication as intended to be persuasive, distrusted the information they were given, understood terms used by the scientists in ways other than they intended, and were inclined to interpret information in terms of their own past experience rather than in terms of the frameworks used by scientists.  Weber and Word conclude by making explicit, useful recommendations intended to address these challenges.

II. B.  Communicating with media. 

Barnes, I. J., & Wilson, S. A. (1996). Scientists and the broader community.  International Journal of Environment and Pollution, 6, 142-148. Web of Science database IDS# UR960; ISSN 0957-4352.

Ben-Ari, E. T. (1998). Making science news: Public affairs practitioners can serve as vital link between scientists and the public. Bioscience, 48, 893-896.  Expanded Academic Index: Article A 21251621.

Borman, S. G. (1978). Communication accuracy in magazine science reporting.  Journalism Quarterly, 55, 345-346.

“Scientists evaluated the accuracy of mass circulation magazine articles that dealt with three major scientific events.  The author found that the accuracy level of the articles as a whole to be good.  The major area of criticism was omission of relevant information, and the most frequently cited omission was the failure to mention the names of the primary investigators.” [annotation by Dunwoody (1986); see the Dunwoody (1986) citation in this section of the bibliography]

Broberg, K. (1973). Scientists’ stopping behavior as indicator of writer’s skill.  Journalism Quarterly, 50, 763-767.

“This analysis of corrections made by scientists to press releases prepared about their research found that of all changes made, additions accounted for the highest number. As the material in a press release became more complex, the scientist tended to add more detail.  The analysis found that scientists changed more technical terms to lay terms than the reverse.  The author concludes that none of the writers of the press releases being studied could ‘satisfy the scientists’ penchant for explaining their research in greater detail.’” [annotation by Dunwoody (1986)]

Burgoon, M., Burgoon, J. K., & Wilkinson, M. (1981). Dimensions of  readership of newspaper content. Newspaper Research Journal, 3, 74-93.  

This study shows that news about consumer issues, science, health, and psychological information all have strong appeal.  

Dornan, C. (1988). The “problem” of science and media: A few seminal texts in their context, 1956-1965. Journal of Communication Inquiry, 12, 53-70. 

Dornan, C. (1990). Some problems in conceptualizing the issue of “science and the media.” Critical Studies in Mass Media Communication, 7, 48-71. 

Dunwoody, S. (1982, December). A question of accuracy. IEEE Transactions on Professional Communication, 25, 196-199.

Dunwoody’s abstract:  “This brief article reviews the research literature on the accuracy of mass media science coverage and suggests that when scientists claim something is inaccurate, they are in most cases saying a piece is incomplete and lacking in details.  Scientists may be using inappropriate criteria to evaluate the accuracy of journalistic accounts.”

Dunwoody, S., & Ryan, M. (1983). Public information persons as mediators between scientists and science writers. Journalism Quarterly, 60, 647-656.

“This study of scientists’ perceptions of the roles played by public information personnel found that although scientists generally viewed such personnel favorably, they did not view them as integral to the dissemination of science.” [Dunwoody’s abstract]

Dunwoody, S., & Ryan, M. (1985). Scientific barriers to the popularization of science via mass media. Journal of Communication, 35, 26-42.

“Scientists who responded to this national survey agreed that science as a culture does not reward scientists for becoming involved in efforts to increase public understanding of science.” [Dunwoody’s (1986) abstract]

Dunwoody, S. (1986). Selected bibliography: Research in mass media science communication. In S. Friedman, S. Dunwoody, & C. L. Rogers (Eds.). Scientists and Journalists: Reporting Science as News (pp. 296-312). New York: The Free Press.

Fahnestock, J. (1988). Accommodating science. Written Communication, 15, 330-331.

Friedman, S. M., Dunwoody, S., & Rogers, C. L. (1986).  Scientists and journalists: Reporting science as news. New York: The Free Press.

This volume, part of an American Association for the Advancement of Science series on Issues in Science and Technology, was widely used as a textbook for graduate and undergraduate science communication, technical journalism, and science and society courses throughout the United States until it went out of print in the 1990s.  Divided into 18 chapters and five appendices, the book offers in-depth looks at scientists’, journalists’, public relations officers’, and the public’s views of science news.  The book’s three editors are prominent science communication scholars.  Sharon Friedman is now a named professor of science journalism at Lehigh University; Sharon Dunwoody a named professor and director of the School of Journalism and Mass Communication at the University of Wisconsin, and Carol L. Rogers is former head of the Office of Communications and Membership at the AAAS and current editor of the academic journal, Science Communication.  Contributors to this volume are communication scholars, scientists, journalists, and public affairs officers.  

The book’s opening chapters discuss science communication challenges from the perspectives of key participants in the process:  scientists, journalists, public relations officers, and the public.  Each chapter shows that professional groups (e.g., scientists and journalists) tend to put blame on the other group for problems in science communication through the mass media.  For example, scientists blame journalists for superficial and sensational coverage of science, whereas journalists blame scientists for arrogance and poor writing.  After reading each chapter, one comes to the conclusion that assigning blame is a less useful enterprise than is understanding the context of each group and the challenges it faces.  In many ways, public relations and public communications officers are especially important to study because of their key roles in building relationships among all affected parties.

Friedman, S. M., Dunwoody, S., & Rogers, C. L. (1999). Communicating uncertainty: Media coverage of new and controversial science. Mahwah, NJ: Erlbaum.

This volume is edited by the same three scholars who produced Scientists and Journalists (see annotation above).  Contributors to this volume on communicating uncertainty include a division director for the National Science Foundation (Daryl E. Chubin), a Nobel laureate, a MacArthur Foundation grant winner, two Pulitzer-prize winning journalists, and a number of academics who study science communication.  

“Uncertainty” is defined in several ways throughout this book.  One meaning for this concept is that scientists create new uncertainties about the world as they develop new, more illuminating understandings.  Topics included in the book include how journalists and scientists represent uncertainty, how the public responds to uncertainty, statistical meanings of uncertainty, and systematic thinking used in science to manage representations of uncertainty.  

For those interested in effectively communicating scientific uncertainties through the mass media, several chapters in the book focus on this topic.  One is by Katherine Rowan.  The gist of this chapter is captured in the annotations to Rowan’s other work in Section II. B. of  this bibliography.  Another is Robert Griffin’s chapter, which describes ways of avoiding common reporting errors such as confusing correlation with causation and extrapolating from anecdotal evidence.

Glynn, C. J. (1988). Perceptions of communication use in science policy decision-making. Journalism Quarterly, 65, 54-62.  

Grunig, J. E. (1983, March). Communication behaviors and attitudes of environmental publics: Two studies. Journalism Monographs, 81.

 “Grunig suggests that the use individuals make of environmental information depends on situational variables such as the amount of control a person thinks she has over her own surroundings and the person’s level of involvement in the issue at hand.  In this monograph, he presents his situational theory as a means of incorporating these variables into attitude-behavior theories” [from Dunwoody’s 1986 abstract].

Gunter, B., Kinderlerer, J., & Beyleveld, D. (1999). The media and public undersanding of biotechnology. Science Communication, 20, 373-394. Research Library Complete, Accessed 3/13/02. 
The findings reported here are based on an exploratory survey of scientists and journalists in Britain.  The article indicated that scientists are constrained by the peer review process while journalists are constrained by their need for audience appeal.  The authors concluded that scientists probably need more media training and support from their own professional culture to facilitate effective media relations.  They also found that scientists were more likely than journalists to perceive coverage as too sensational and dramatic, too speculative, with too much emphasis on risks.  Scientists generally distrusted journalists, even though the journalists were as likely as the scientists to believe that media reporting of biotechnology should be sober, balanced, and focused on the facts.

Hartz, J., & Chappell, R. (1997). Worlds apart: How the distance between science and journalism threatens America’s future. Nashville, TN: First Amendment Center.  Available as a PDF file online at www.freedomforum.org

All of this extensive report (written by a scientist and a journalist) is worth reading, but it is quite long.  This abstract focuses on Chapters 5 and 6, the two most relevant to this project.  Chapter 5, “Scientists as Communicators,” was based on findings that came from surveys of journalists.  Respondents said that many scientists came across as arrogant and conceited, that they often do not have experience communicating with people outside their labs and subspecialties, that they should write more concisely in plain, jargon-free English. The recurrent issue of whether scientists should be able to do a prepublication review of journalists’ articles was discussed at length.  

In Chapter 10--“Recommendations for Scientists”--the report’s authors recommended that scientists should carefully prepare and vet their remarks before presenting them and that they should view talking with general audiences as part of their civic responsibility rather than as something “less than” doing science.  In public presentations, they should begin their preparation by deciding what their point is, determine a strategy for getting it across, and be aware of time limits and constraints as they plan.  In communicating with journalists, scientists should avoid hyperbole about their findings or the potential of their findings and should be aware the journalists and the public need help in seeing the “big picture,” particularly in regard to the relevance and significance of their work.  Two other insightful recommendations in this report were that publishers of scientific papers should include summaries written in plain English of the relevance and importance of the work, and that scientific associations should put up web sites with information about significant research.

Juanillo, N. K. (2001). The risks and benefits of agricultural biotechnology: Can scientific and public talk meet? American Behavioral Scientist, 44, 1246-1266. 

Author’s abstract: This article outlines the direction and tenor of two distinct discourses on agricultural biotechnology. Scientific talk about biotechnology must be seen in the historical context of the status given to science in arriving at knowledge. On the other hand, public talk about biotechnology is largely informed by a number of factors beyond the realm of science and reflects contemporary trends toward the need for public inputs in risk assessment and risk management. Heeding public concerns about the risks of agricultural biotechnology may improve communication between scientists and the lay public and consequently lead to better regulatory policies. This article suggests participatory communication as a guide for action. Yet, it recognizes the limits of public participation when public opinion and perception overwhelm the voice of science and become the principal basis for regulatory and policy decisions on agricultural biotechnology.

Bibliographer’s note:  This article is useful because it offers a case study in which communication between scientists and the public has larger ethical, social, and political implications. This case study establishes the importance of dialogue between scientists and lay publics concerning issues of scientific public policy. In this case, the author suggests that dialogic deliberations between scientists and the public allow for a shared understanding of biotechnology in society. Despite a lack of discussion of specific ways to foster dialogue, the article is useful for scientists seeking to communicate more effectively with the public because it provides good justification for a dialogic and participatory model. It also identifies some challenges to dialogue (divergent values in the public, scientific illiteracy in the public, and lack of empirical studies) and offers some first steps to overcoming these barriers. 

Kirkwood, W. G., & Brown, D. (1995). Public communication about the causes of disease: The rhetoric of responsibility. Journal of Communication, 45, 55-76. 

Lievrouw, L. A. (1990). Communication and the social representation of scientific knowledge. Critical Studies in Mass Communication, 7, 1-10. 

Logan, R. A. (1999). Review essay: Worlds apart. Science Communication, 20, 337-43. 

Logan R. A. (2001). Science mass communication: Its conceptual history. Science Communication, 23, 135-163.  

Lewenstein. B. V. (Ed.). (1992). When science meets the public. Washington, DC: American Association for the Advancement of Science. 

Mandersloot, W. G. B., & Bruckman, C. G. (2000). Structuring and evaluating scitech communications. Journal of Technical Writing and Communication, 30, 343-?.

Miller, J. D. (2001). Who is using the web for science and health information?  Science Communication, 22, 256-273.

Author’s abstract:  This analysis (1) reviews the growth of public access to computers and the Web in recent years, (2) identifies those individuals from a national sample of adults who have sought specific information from the Web, (3) identifies those individuals who have attempted to have attempted to find science or health information on the Web, and (4) constructs two simple models to predict seeking scientific and health information from the Web.  The analysis concludes that the growth of access to the Web is likely to continue and that slightly more than 20 percent of American adults sought health or science information from the Web in 1999.  A pair of path models found that civic science literacy and formal education were the strongest predictors of seeking health information on the Web.

Mitsuishi, S., Kato, K., & Nakamura, K. (2001). A new way to communicate science to the public: The creation of the Scientist Library. Public Understanding of Science, 10, 231-241. 

Priest, S. H. (1995). Information equity, public understanding of science, and the biotechnology debate. Journal of Communication, 45, 39-54. 
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Author’s abstract: Critics of scientific writing often focus on its penchant for using jargon and the passive voice that make reading difficult for the layman. However, so-called jargon consists mostly of scientific words necessary for economy and accuracy of expression while the passive voice promotes objectivity by emphasizing the object being discussed rather than scientist studying it. Certainly, the scientific writer must write in layman's terms when addressing laymen. On the other hand, lay audiences must allow scientists the privilege of addressing their peers in the language of their profession.

Bibliographer’s note:  This article is useful, because is discusses effective written communication. Unlike the articles dealing with journalism and other mediated forms of communication, this article addresses what scientists and technical writers can do to improve their communication with lay audiences. This article is also useful because it addresses the conflict between writing for an audience of peers and writing for the public. Although the article focuses specifically on the use of passive voice and jargon, the article suggests that scientists should take measures to adapt their communication to public audiences. 
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II. C.  Communicating through government. 

Buchanan, R. (2001, March). Taking science to the policy makers, an award winning presentation at the 2001 Best Practices in Communicating Science Conference, Gaithersburg, MD.

The Kansas Geological Survey’s three-day field conference for state legislators was recently showcased at a March “Best Practices in Communicating Science” conference.  This is Extension Educator Rex Buchanan’s description of the K-State field conference:  “The Kansas Geological Survey is a non-regulatory, research, and service division of the University of Kansas.  The Survey studies and provides information about the state’s geologic resources and hazards.  A prime audience for that audience is policy makers.  To reach that audience—to provide scientific information in a form that policy makers would take the time to understand—the Survey developed an annual, three-day field conference.  It takes policy makers into the field to see where natural resources are produced or used, to see, first-hand, the resources they make decisions about, and to talk with researchers and people who carry out (or are affected by) their decisions.  Attendance is by invitation only.  Participants are about one-third legislators, one-third agency staff, with the remainder being teachers, business leaders, and environmental leaders.  A key to early success was attendance of especially visible state legislators.”  Most of the conference organization and content is created by extension educators.  For more information about costs and other logistics, contact Rex Buchanan rex@kgs.ukans.edu  For a program website visit www.kgs.ukans.edu  

Clark, F., & Illman, D. (2001). Dimensions of civic science. Science Communication, 23, 5-27.

Authors’ abstract:  A civic scientist has been described by Neal Lane, former presidential science adviser, as one who “engages the public in a dialogue about science and society.”  The concept of the civic scientist received considerable attention nationally with the recent publication of a report on the subject by the National Science Board.  But concepts and terms used in the literature and the press to characterize civic scientists and civic science have been ambiguous, if not conflicting.  This article analyzes these recent articulations of the civic scientist concept, situating these ideas within the context of the existing science communication landscape.
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Einsiedel, E. F., & Eastlick, D. L. (2000). Consensus conferences as deliberative democracy. Science Communication, 21, 323-343.

Authors’ abstract:  Consensus conferences involve a small group of citizens who go through a learning process on a given technological issue, engage experts, and develop an assessment of the key issue they identify as critical.  These models of technology assessment, intended to make the process more democratic, have increasingly been used in Europe.  This study examines the use of consensus conferences in Canada on the issue of food biotechnology.  

Ferch, C. (2001, March). Public information program for the groundwater replenishment system, an award winning presentation at the 2001 Best Practices in Communicating Science Conference, Gaithersburg, MD.

By 2005 residents of Orange County, California, will be drinking treated sewer water when they turn on their taps.  Because such a prospect sounds horrible initially, work since 1997 has been on-going to determine public understanding of and concerns about the purification process that makes wastewater drinkable.  One factor that enhances public acceptance of the project is wide public awareness of water shortages in Southern California.  Further, according to the author (Ferch’s) abstract for the Best Practices in Communicating Science Conference, 2001, “explaining the high-tech purification process in understandable and credible terms has prevented the ‘yuck’ factor from turning people against the project…. Research also told [communication specialists working on the project] that face-to-face presentations would be most effective in gaining support so [they] have given about 500 presentations to key audiences in the county.”  For more on the project, its costs and logistics, see www.gwrsystem.com or contact Cindy Ferch, APR, and public affairs specialist at cferch@ocwd.com
Glicken, J. (1999). Effective public involvement in public decisions. Science Communication, 20, 298-327.

Author’s abstract:  Historically, decisions affecting the general public have been made with input from selected people—those with responsibility for the decisions or with applicable technical expertise.  Increasingly, the broader public is demanding more direct involvement indecisions that will affect their lives.  Articulating the public’s position on a given issue can be difficult as the “public” represents a broad spectrum of needs and desires that can conflict or change on any given issue.  This article presents an analysis of the evolving role of the public in public decisions and offers a rigorous approach for elicting usable information from the public.
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Section III:  Teaching communication skills essential for scientists/engineers.

III. A.  A brief look at research on teaching communication.

Allen, M., Berkowitz, S., Hunt, S., & Louden, A. (1998). A meta-analysis of the impact of forensics and communication education on critical thinking.  Communication Education, 48, 18-30.

This meta-analysis compares forensics participation and participation in public speaking classes.  The authors find that both communication instruction and forensics participation improve critical thinking skills but that forensics participation is particularly effective. 

Greene, J. O., Sassi, M. S., Malek-Madani, T. L., & Edwards, C. N. (1997). Adult acquisition of message-production skill. Communication Monographs, 64, 181-200.

In this study, the authors find that massive amounts of practice improves adult performance on a referential communication skills task.  The authors argue that, in general, all complex human skills such as skill in mathematics, music, and writing, increase through very large amounts of practice and that oral communication skills courses may underestimate the number of times students need to practice.

Hillocks, G. (1986). Research on written composition: New directions for teaching. Urbana, IL: ERIC Clearinghouse on Reading and Communication Skills and the National Conference on Research in English.

In this meta-analysis and his 1995 book, Hillocks identifies factors most likely to improve critical thinking skills through writing instruction.  These include:  (a) high student passion for the task; (b) instruction in a critical thinking skill [e.g., key features of good definitions]; (c) extensive practice of the skill in question in social settings, particularly peer interaction, and (d) skill-specific feedback.  Based on his analysis, Hillocks argues that discovery of key features of critical thinking in motivational settings (e.g., group discussion) is more apt to motivate students and enhance gains in critical thinking than teacher presentation of such information.

Vangelisti, A. L., Daly, J. A., & Friedrich, G. W. (1999). Teaching communication: Theory, research, and methods, 2nd ed. Mahwah, NJ: Erlbaum.

The 38 chapters in this book are important tools for thinking about ways of assisting graduate students in science and engineering in becoming professionals by enhancing their communication skills.  Many chapters have titles suggesting this utility such as Ann Darling’s chapter, “Becoming a Professional” and the chapter on “Interaction Skills” by Jan Anderson and colleagues.  The book’s opening chapters on the goals and philosophies that motivate the teaching of communication are also good resources for the NCA /NSF project on improving scientists’ and engineers’ communication abilities.

III. B.  A brief look at resources for teaching listening, relating, and presenting.

Daly, J. A., & Engleberg, I. (2001). Presentations in everyday life: Strategies for effective speaking. Boston, MA: Houghton Mifflin.

For books on active listening and relating, see the web site www.listen.org
Pearson, J. C., & Nelson, P.  (1999). An introduction to human communication: understanding and sharing. New York: McGraw Hill.

III.  C.  A brief look at informing and explaining communication skills.

Farkas, D. K. (1999). The logical and rhetorical construction of procedural discourse. Technical Communication, 46, 42-54.

Scientists and engineers are frequently involved in giving directions for assembling equipment.  The author of this essay analyzes on-line and hard copy versions of such messages to develop a model of the key features of procedural discourse, i.e., messages used to give instructions and warnings.

Mazur, B. (2000). Revisiting plain language. Technical Communication, 47, 205-211.

The plain language movement emphasizes the importance of using a few important text features to produce effective writing.  These features include preference for the “active voice,” that is, placing the doer of an action in the subject slot of a sentence, and use of frequent headings to make text readable.  This essay discusses strengths and weaknesses of the plain language movement.  Its strengths include its basis in empirical research; its weaknesses include inadequate use of applied linguistics research on clear writing.  

Rowan, K. E. (1992). The art of explanation: Strategies for enhancing the comprehension of science.  In B. Lewenstein (Ed.), When science meets the public (pp.  131-143). Washington, DC: American Association for the Advancement of Science.  

For the gist of this article, see Rowan’s work in section II of this bibliography.  
Wright, P., & Hull, A. J. (1998). How people give verbal instructions. Applied Cognitive Psychology, 4, 153-174.

Patricia Wright is a human factors psychologist who has conducted a number of studies on how to make instructions clear.  This study presents an empirical look at academics giving instructions to a typist.  The study is useful as a model of how one might further study instruction-giving or referential communication among adults.

Yule, G. (1997). Referential communication tasks.  Mahwah, NJ: Erlbaum.

Yule is an applied linguist who studies English as a second language and functional communication skills.  This excellent methods book describes a variety of tasks used to assess “referential” communication skills, that is, skills needed for information exchange in tasks such as giving directions.  

Miller, J. M., Lehto, M. R., & Frantz, J. P. (1990). Instructions and warnings: The annotated bibliography. Ann Arbor, MI: Fuller Technical Publications. 

Rainey, K. T. (1999).  Doctoral research in technical, scientific, and business communication, 1989-1998.  Technical Communication, 46, 501-531.

III.  D.  For sources on deliberation, collaboration, and teamwork skills, see section I of this bibliography.

III.  E.  For sources on skills needed in mediated communication, see section II of this bibliography. 

