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Challenges for Teaching Science to Non-Science Majors
I. Lack of Enthusiasm


a) Students – non-science majors who vary from indifferent to phobic


b) Non-Science Faculty – surface support is rarely backed up by discussion of science issues or concepts in other parts of the curriculum

II. Limited Exposure



Core science requirements may be as limited as one course and are rarely more than two courses.

III. Problematic High School Science Preparation

a) High School Science as Disconnected Layer Cake (Stamos 1995)


b) Shulman’s Pathologies




Amnesia




Fantasia 




Inertia

IV. Media Presentations of Science


a) Fictional presentations of science


b) Frontier science being presented as “fact” (Stocking 1999)


c) Retraction of frontier science claims suggesting all science is provisional


d) Equal weight given to science & non-science experts


e) Partisan experts & our adversarial legal system
Multiple Faculty Priorities for Science and Non-Science Majors
I. Core Curriculum.


Often inspiring verbiage that is nonspecific and hard to assess for lasting effects.

II. Cultural History


The importance of science in the development of civilization.
III. Produce More Scientists


Attract students into the science and technology fields needed for the economic propensity of the nation.

IV. Understanding Technology

How do the increasingly complex tools of the modern world work?

V. Faculty Showcase


Allow individual faculty stars to showcase their field and research interests as an example of the “scientific enterprise”.
VI. Discipline Survey


There are great differences in the approach and philosophy of the different scientific fields. It is a myth that there is one scientific method. (Bauer 1992)

VII. Departmental Politics


Our share of credit hours


Ensuring faculty loads


Attracting majors

VIII. Scientific Literacy


Complex (3000 + ERIC citations)


Always controversial (Dizikes 2006)
Selected Concepts/Components of Civic Scientific Literacy
AAAS Project 2061 (Rutherford & Ahlgren, 1990)


Common science course content should be selected according to five criteria: Utility, Social Responsibility, Intrinsic Value of Knowledge, Philosophical Value, and Enrichment for later Life.  Also scientific habits

See also Frontiers of Science at Colombia

Shen (1975)


There are three forms of scientific literacy: Practical SL, Cultural SL, Civic SL.

Durant (1989)


Science is publicly supported and that support should be based on a minimal level of scientific knowledge.


Public self-reports of their level of interest and their level of “informedness” match well in the areas of politics, entertainment, and sports. However in science their level of informedness lags behind their level of interest.
Shamos (1995)


Society will benefit if some members are sufficiently scientifically literate to participate intelligently in science based societal decision.


It is likely that only a small percentage of citizens will have this level of literacy.

Some science issue decision making should be taken out of the political process and be decided by courts of experts.

Miller (1998, 2004)


Scientific literacy has three components



a) possession of a vocabulary of basic scientific terms and 
concepts



b) understanding of the scientific process



c) appreciation of the impact of science on society and the individual


Miller has led a long term study of adult scientific literacy published in NSF’s biennial Science and Engineering Indicators Report
Pilot Program Components

Centering Core Science for Non-Science Majors

on

Civic Scientific Literacy

1. Confront students with science related ballot choices they will likely face as citizens as an introduction to the course.

2. Ask students to reconsider their ballot choices after class coverage of issues and/or their own research.

3. Help students find and assess accessible and expert sources of information on science and science related issues/controversies such as science professional organizations, popular science journals, government agencies and departments, as well as academic and institutional web sites.

4. Assess initial student scientific literacy components and compare them to the results for U.S. adults from the biennial Science and Engineering Indicators Report.

5. Openly discuss the different views and overlap between scientific and religious ways of knowing by talking about such authors as Francis Collins and Lee Silver as well as organizations such as the Templeton Foundation.
Public Science Issues Ballot Questions

Core 101, Science and Society

1. Restrict the production of human embryos. Give embryos legal protection.

2. Stem cells may be harvested from human embryos.

3. Fetuses may be cloned for transplant tissue.

4. In arid areas homeowners must restrict water use and pay an “overuse” tax.

5. Human reproductive cloning should be permitted.

6. The U.S. should ratify and comply with the Kyoto Protocol.

7. Citizens should be required to submit their DNA to a national database for criminal investigations.

8. Insurance companies should be allowed to use personal DNA information.

9. A National Gasoline Tax of fifty cents per gallon should be established to fund alternative energy source research.

10. Gene therapy (including germ line) should be used to treat disease.

11. Gene therapy should be used to produce augmented ‘designer babies”.
12. The government should approve a new generation of nuclear power plants.

13.  Intelligent design should be taught along with Evolution in K-12.

14.  States and countries should be able to ban GMO’s in the food chain.
15. Vaccine manufactures should stop using thimerisol and pay for suspected damages.

16. An international moratorium should be declared in nanotechnology development and applications.

17.  Nano-particles should be regulated in the same way as pharmaceutical drugs.

Student vs. Adult Understanding of Basic Science Constructs

(Miller 1998)


Science Construct


% RWU Students
% US Adults*


Lasers





71



42


Sex Inheritance




69



62


Radioactivity




76



73


Earth Core Temperature


98



78


Big Bang





86



35


Antibiotic action




61



54


Electron size




81



43


Earth’s Orbit




86



72


Evolution





92



44


Continental Drift



94



78

* NSF Science & Engineering Indicators 2006

Student vs. Adult Understanding of the Nature of Scientific Inquiry







% RWU Students
% US Adults*

Understand Experiments


77



35

Understand Elementary Probability
89



55

Reject Astrology



68



58

* Miller, J.D.  2004

Public Science Issues Ballot Results Core 101, Science and Society

1. Restrict the production of human embryos. Give embryos legal protection.

2. Stem cells may be harvested from human embryos.

3. Fetuses may be cloned for transplant tissue.

4. In arid areas homeowners must restrict water use and pay an “overuse” tax.

5. Human reproductive cloning should be permitted.

6. The U.S. should ratify and comply with the Kyoto Protocol.

7. Citizens should be required to submit their DNA to a national database for criminal investigations.

8. Insurance companies should be allowed to use personal DNA information.

9. A National Gasoline Tax of fifty cents per gallon should be established to fund alternative energy source research.



%Yes    %No    % Undecided
Class start
21
58
21

Class end
27
53
20


%Yes    %No    % Undecided
Class start
60
27
13


Class end
67
22
11

          
 %Yes    %No    % Undecided

Class start
15
68
17

Class end
9
77
14



%Yes    %No    % Undecided
Class start
48
27
25

Class end
41
39
20



%Yes    %No    % Undecided

Class start
13
67
20

Class end
6
86
18


%Yes    %No    % Undecided

Class start
23
2
75

Class end
84
4
12



%Yes
%No
%Undecided

Class start
54
44
2


Class end
33
48
19


%Yes
%No
%Undecided

Class start
9
80
11


Class end
4
94
2


%Yes
%No
%Undecided

Class start
23
71
6


Class end
34
41
25
10. Gene therapy (including germ line) should be used to treat disease.

11. Gene therapy should be used to produce augmented ‘designer babies”

12. The government should approve a new generation of nuclear power plants.

13.  Intelligent design should be taught along with Evolution in K-12.

14.  States and countries should be able to ban GMO’s in the food chain.
15. Vaccine manufactures should stop using thimerisol and pay for suspected damages.

16. An international moratorium should be declared in nanotechnology development and applications.


%Yes
%No  %Undecided
Class start
39
35
26


Class end
40
33
27

%Yes
%No
%Undecided

Class start
2
77
21


Class end
0
96
4

%Yes
%No
%Undecided

Class start
19
29
52


Class end
35
25
39

%Yes
%No
%Undecided

Class start
24
26
50


Class end
38
49
13

%Yes
%No
%Undecided

Class start
35
12
53


Class end
57
20
23

%Yes
%No
%Undecided

Class start
4
4
92


Class end
37
39
24

%Yes
%No
%Undecided

Class start
25
10
65


Class end
  45
  32
     23
17.  Nano-particles should be regulated in the same way as pharmaceutical drug. 

%Yes    %No     %Undecided
   Class start       42         6              52

   Class end        86         5              9
On-Line Resources Used by Students for Science Ballot Positions
Government Resources

FBI

FDA

Dept. of the Interior

NAS

National Cancer Institute 

Nat. Inst. Child & Human Devel. National Institute of Justice

NIH 

Oak Ridge National Laboratory

Pres. Council on Bioethics 

US Mission to the European Union

US Geological Survey

White House
University, Professional Organizations, & Health Care Institutions

AAAS

American Academy of Pediatrics

Brigham & Woman’s Hospital

Duke Law & Technology Review Franklin Pierce Law Review

Georgia Reproductive Specialists

Harvard U. (dept. economic)

Mayo Clinic

National Genome Research Institute

United Nations Foundations

Santa Clara U. (Ethics Center)

U. Penn (Bioethics Center)

U. Utah (Genetics Sci. Leaning Ctr.)

International Sites
Australian Dept. of Environment

BBC

Center for Nanotech. (Germany) European Nuclear Society

Guardian (UK)

Health Canada

National Heath Service (UK)

Telegraph (UK)

Media Sites

Business Week

CBS 

Cincinnati Inquirer

CNN

National Public Radio

NYT

New Yorker

USA Today

Washington Post

“On Line Encyclopedias”

How Stuff Works

Web MD

Wikipedia

WWW About

“Advocacy Sites”
ACLU

Ctr. for Bioethics & Dignity

Common Dreams

Council for Responsible Genetics

Free Republic

Friends of the Earth

Greenpeace

Nanotechnology Now

National Catholic Bioethics Ctr.

Privacy International

prolifeblog.com

Smart Vote

Terra Daily

Think Progress
Weekly Standard
Draft Core 101 (Core Science) Course Objectives

Primary Objective – Science and Technology Literacy for Citizenship


 Our primary objective will be to promote citizen level science and technology literacy (STL).    The first phase of STL calls for making students aware of major science and technology issues that currently have, or promise to have, a profound effect on society and individuals.  Current STL issues may include:



Global Warming



Stem Cells, Reproductive Options, Cloning



Utilization of Scarce Resources such as Water



Energy Choices such as Nuclear Power



Terrorism related issues such as WMD



Utilization vs. Toxicity and Risks of chemical substances and medicines



Nanotechnology



Instructor or Class selected topics.


The second phase of STL calls for students to formulate informed personal positions on the great science and technology issues of the day.   
Supporting Objectives for Science and Technology Literacy


1. Knowledge of the basic science constructs and terminology that form the foundations of major science issues: for example being aware of the dynamics of climate for global warming discussions.


2. Understanding of the nature and process of scientific thought such as that expounded in the American Association for the Advancement of Science’s Project 2061.


3. Understanding the differences and overlap between scientific thinking and religious understanding.


4.  Familiarity with the major organizations that promote, fund and/or regulate science & technology such as the AAAS, NSF, NRC or the IAEA.


5. Skill in finding and evaluating basic and expert information on science related issues.
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