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Should the Culture of University Science Education Be Changed? *† 
Richard Hake <rrhake@earthlink.net> 
Indiana University, Emeritus <http://www.physics.indiana.edu/~hake> 

 
In a recent Science article “Changing the Culture of Science Education at 
Research Universities” [Anderson et al. (2011)], thirteen biology research 
scientists, all Howard Hughes Medical Institute Fellows, deplore the prevalent 
university reward systems that “heavily weight efforts of many professors 
toward research at the expense of teaching.” They advocate seven initiatives 
that might help to address “widespread concern about educating enough 
scientists and scientifically literate citizens.” 
 

Of primary concern in this essay is Initiative #1. “Educate faculty about 
research on learning. . . .” This is especially important if faculty are to play a 
prominent role in adequately educating prospective K-12 teachers, who might 
then, in turn, enhance the science/math literacy of the general population. 
 

In that regard, I review an essay “The General Population's Ignorance of 
Science Related Societal Issues: A Challenge for the University” [Hake 
(2000)] based on an earlier libretto The Science Illiteracy Crisis: A Challenge 
for the University [Hake (1989)], with the leitmotiv: “The road to U.S. 
science literacy begins with effective university science courses for pre-
college teachers.” The opera dramatizes the fact that the failure of universities 
throughout the universe to properly educate pre-college teachers is 
responsible for our failure to observe any signs of extraterrestrial intelligence. 
 

 
 
 
 
________________________________________________ 
*The reference is: Hake, R.R. 2011. Invited talk, “Should the Culture of University Science Education Be 
Changed?” Southern California Section of the AAPT, 14 May 2011, Pierce College, Woodland Hills, CA; 
online as reference #63 at <http://bit.ly/b2UsK6>. 
 
† This article borrows from the following previous unpublished material: (a) “The General Population's 
Ignorance of Science Related Societal Issues: A Challenge for the University” [Hake (2000)]; (b) “Can 
Scientific Research Enhance the Art of Teaching?” [Hake (2007)]; and (c) “SET's Are Not Valid Gauges 
of Students' Higher-Level Learning #2” [Hake (2011g)]. 
 
© Richard R. Hake, 25 May 2011. Partially supported by NSF Grant DUE/MDR-9253965. Permission to 
copy or disseminate all or part of this material is granted provided that the copies are not made or 
distributed for commercial advantage, and the copyright and its date appear. To disseminate otherwise, to 
republish, or to place at another website (instead of linking to <http://www.physics.indiana.edu/~hake>) 
requires written permission. Please send comments and criticisms to <rrhake@earthlink.net>. 
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Prologue 
 

This article is a reaction to “Changing the Culture of Science Education at Research 
Universities” [Anderson et al. (2011)].  The thirteen authors are all leading biology 
researchers and “Howard Hughes Medical Institute” HHMI <http://www.hhmi.org/> 
Fellows. For photos and thumbnail bios see HHMI News (2010a) <http://bit.ly/alXrgy>.   
According to the HHMI News (2010b): 
 

“The HHMI Professors Program supports a small group of leading research scientists 
who are committed to making science more engaging to undergraduates. Thirteen 
HHMI professors . . . . .[[the authors of Anderson et al. (2011)]]*. . . . . will receive a 
total of $9 million over four years to focus on solving important problems facing 
science education,* such as how best to bring research into the classroom, teach large 
introductory science courses, and encourage students from diverse backgrounds to 
become scientists.”  

 

Anderson et al. (2011) advocate seven initiatives for “Changing the Culture of Science 
Education at Research Universities.” They wrote (slightly edited):  
 

“Although many ideas we present here are not new, the context in higher education has 
changed because of widespread concern about educating enough scientists and 
scientifically literate citizens [Rising Above the Gathering Storm (National Academies, 
2007)] and because resources that enable change have improved markedly in recent 
years [Scientific Teaching (Handelsman, Miller, & Pfund, 2007); Education Resources 
Information Center (ERIC, 2011); and Multimedia Educational Resource for Learning 
and Online Teaching (Merlot, 2011)].” 

 

This talk is concerned primary with the first initiative proposed by Anderson et al.:  

“Educate faculty about research on learning. No scientist would engage in research 
without exploring previous work in the field, yet few university educators read 
education research. Universities can demonstrate that they value teaching by treating it 
as a scholarly activity, such as through faculty training in teaching that is predicated on 
evidence-based approaches  [Scientific Teaching (Handelsman, Miller, & Pfund, 2007), 
‘Innovations in Teaching Undergraduate Biology and Why We Need Them’ (Wood, 
2009)]. Training should address education theory, tested practices, and methods to 
assess learning. . . . . These practices must include strategies to engage students in 
introductory courses, arguably the highest-impact change that could be made 
[Handelsman, Miller, & Pfund (2007); Wood (2009); ‘Linking Evidence and Promising 
Practices in Science, Technology, Engineering, and Mathematics (STEM) 
Undergraduate Education’ (Fairweather, 2008); ‘Peer Instruction: From Harvard to the 
Two-Year College’ (Lasry, Mazur, & Watkins, 2008)].” 

______________________________________ 
* Here and throughout this article, quotes are in blue text and within those quotes: (a) my own emphasis is 
     indicated in bold text, and (b) my inserts are indicated by “. . . .[[insert]]. . . . ”.  
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1. Carl Wieman’s Words 
 

Regarding introductory course students, physics Nobelist Carl Wieman (2007) 
<http://en.wikipedia.org/wiki/Carl_Wiemanin> in “Why Not Try a Scientific 
Approach to Science Education?” wrote:  

 

                                      
 
 

“The purpose of science education is no longer simply to train that tiny fraction of 
the population who will become the next generation of scientists. We need a more 
scientifically literate populace to address the global challenges that humanity 
now faces and that only science can explain and possibly mitigate, such as global 
warming, as well as to make wise decisions, informed by scientific understanding, 
about issues such as genetic modification.”  
  

 
 
 
 
 
 
 
 
 
 



 4 

2.  Traditional Introductory Science/Math Courses 
 

How effective are traditional undergraduate introductory physics courses?  From 
"Interactive-engagement vs traditional methods: A six-thousand-student survey of 
mechanics test data for introductory physics courses" [Hake (1998a)]: 
 

       
Fig. 2. Histogram of the average normalized gain <g> on the Force Concept 
Inventory or its precursor, the Mechanics Diagnostic Test: dark (red) bars show the 
fraction of 14 traditional courses (N = 2084), and light (green) bars show the fraction 
of 48 interactive engagement courses (N = 4458), both within bins of width δ<g> = 
0.04 centered on the <g> values shown. 

 

Who cares if student learning in traditional introductory physics courses (red bars) 
is near zero?  
 

I suspect that traditional passive-student-lecture science/math courses generally are 
as ineffective as traditional passive-student-lecture physics courses in promoting 
higher-level learning. But so what? – can’t we get all the science/math geeks we 
need from overseas? 
 

Unfortunately, some of the students in U.S. universities are prospective K-12 
teachers. They will have learned little from their university science/math courses 
and will teach as they have been taught thus leading to:   
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3. “The General Population’s Ignorance of Science-Related Societal 
         Issues: A Challenge for the University” 

 

What follows is an updated version of an article [Hake (2000)] of the above title, 
which was in turn based on The Science Illiteracy Crisis: A Challenge for the 
University [Hake (1989)], an unpublished libretto for a Wagnerian musical drama to 
be presented under the stars in the open-air Santa Fe Opera Theater:  

                   

                      
 

an annotated interweaving of classic themes and original work. The leitmotiv was: 
“The road to U.S. science literacy begins with effective university science courses for 
pre-college teachers.”  

 

OUTLINE  
     I. Introduction: The Cosmic Connection 
     

    II. What is Science Literacy? Arons’ Twelve Hallmarks 
 

  III. Evidence for Scientific Illiteracy  
 

  IV. Ineffective Introductory Science Courses in the Universities 
          Generate Scientifically Illiterate Leaders    
 

   V. Time Chart   
 

  VI. Some Life-Threatening Science-Related Societal Problems  
 

 VII. University Reform – Needed But Unlikely 
 

VIII. Why Do We Find No Evidence for Extraterrestrial Intelligent 
          Life? Resolution of Fermi’s Paradox: “Where is Everybody?” 
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I. Introduction: The Cosmic Connection 
A. The Fermi Paradox: An operatic tenor, singing to the starlit sky in the role of  
      Enrico Fermi <http://en.wikipedia.org/wiki/Fermi_paradox> plaintively inquires: 

                
                 

                 
  
                                           Where Is Everybody? 
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Most experts* agree there is no good evidence that extraterrestrials: 
a. are now somewhere on Earth (even despite the National Enquirer),  
b. have at some earlier time visited the Earth,  
c. exist somewhere in the Universe. 

 
 

B. I Shall Argue that: 
 

    There’s no evidence for extraterrestrial intelligent life because: 
 

UNIVERSITIES THROUGHOUT THE UNIVERSE HAVE FAILED  
TO PROVIDE EFFECTIVE INTRODUCTORY SCIENCE/MATH  

COURSES FOR PRE-COLLEGE TEACHERS 

 
 
 
 
 
 
 
_________________________________________________________________ 
 *See e.g., The Search for Life in the Universe [Goldsmith & Owen (2001)] 
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II. What is Science Literacy? Arons’s Twelve Hallmarks [Quoting the late 
A.B. Arons, Teaching Introductory Physics (Wiley, 1997), Chapter 12, “Achieving Wider 
Scientific Literacy”(my italics)] 
 

 
 
 
 
 
 
 

                                
 

 
 

Arnold Boris Arons (1916-2001) 
 

“1. Recognize that scientific concepts ....... are invented (or created) by acts of human 
intelligence and are not tangible objects or substances accidentally discovered, like a 
fossil, or a new plant or mineral. 
 

2. Recognize that to be understood and correctly used such terms require careful 
operational definition. . . . . .[[see e.g., ‘Education Research Employing Operational 
Definitions Can Enhance the Teaching Art’ (Hake, 2010d); ‘Helping Students to Think 
Like Scientists in Socratic Dialogue Inducing Labs’ (Hake, 2011h)]]. . . . .rooted in 
shared experience and in simpler words previously defined; to comprehend, in other 
words, that a scientific concept involves an idea first and a name afterwards, and that 
understanding does not reside in the technical terms themselves. 
 

3. Comprehend the distinction between observation and inference and to discriminate 
between the two processes in any context under consideration. 
 

4. Distinguish between the occasional role of accidental discovery in scientific 
investigation and the deliberate strategy of forming and testing hypotheses. 
 

5. Understand the meaning of the word ‘theory’ in the scientific domain, and to have 
some sense, through specific examples, of how theories are formed, tested, validated, 
and accorded provisional acceptance; to recognize, in consequence, that the term does 
not refer to any and every opinion, unsubstantiated notion, or received article of faith 
and thus, for example to see through the creationist locution that describes evolution as 
‘merely a theory.’  
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6. Discriminate, on the one hand, between acceptance of asserted and unverified end 
results, models, and conclusions, and, on the other, understand their basis and origin; 
that is to recognize when questions such as How do we know....? Why do we believe...? 
What is the evidence for......? have been addressed, answered, and understood, and 
when something is being taken on faith.  
 

7. Understand, again through specific examples, the sense in which scientific concepts 
and theories are mutable and provisional rather than final and unalterable, and to 
perceive the way in which such structures are continually refined and sharpened by 
processes of successive approximation. 
 

8. Comprehend the limitations inherent in scientific inquiry and be aware of the kinds of 
questions neither asked nor answered; be aware of the endless regression of unanswered 
questions that resides behind the answered ones.  
 

9. Develop enough basic knowledge in some area (or areas) of interest to allow 
intelligent reading and subsequent learning without formal instruction. 
 

10. Be aware of at least a few specific instances in which scientific knowledge has had 
direct impact on intellectual history and on one’s own view of the nature of the universe 
and of the human condition within it. 
 

11. Be aware of at least a few specific instances of interaction between science and 
society on moral, ethical, and sociological planes. 
 

12. Be aware of very close analogies between certain modes of thought in natural 
science and in other disciplines such as history, economics, sociology, and political 
science; for example, forming concepts, testing hypotheses, discriminating between 
observation and inference (i.e., between information from a primary source and the 
interpretations placed on this information), constructing models, and doing hypothetico-
deductive reasoning.” 
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III. Evidence for Scientific Illiteracy (a few of many examples)  
A. Table 7-4, p. 7-19, Science and Engineering Indicators 2010 (NSB, 2010) 
Correct answers to scientific literacy questions, by sex: 2008 

                   Question                                                                                               Percent Correct 
                                                                                                                                     Male     Female 

PHYSICAL SCIENCE  
The center of the Earth is very hot. (True)………………………………………….88……...80 
 
All radioactivity is man-made. (False) ……………………………………………..74……...67 
 
Lasers work by focusing sound waves. (False) ……………………………………. 64……..34 
 
Electrons are smaller than atoms. (True)…………………………………………...59……. 47 
 
The continents have been moving their location for millions of years and will  
continue to move. (True)…………………………………………………………….82……..73 
 
Does the Earth go around the Sun, or does the Sun go around the Earth? 
 (Earth around Sun) How long does it take for the Earth to go around the Sun? 
 (One year). Data represent composite of correct responses to both questions. 
 Second question only asked if first question answered correctly ………………… 58…......44 
 
BIOLOGICAL SCIENCE 
It is the father’s gene that decides whether the baby is a boy or a girl. (True)…,,,,..53…….71 
 
Antibiotics kill viruses as well as bacteria. (False)……………………………….....47…….60 
 
A doctor tells a couple that their genetic makeup means that they’ve got one 
 in four chances of having a child with an inherited illness. (1) Does this 
 mean that if their first child has the illness, the next three will not? (No);  
(2) Does this mean that each of the couple’s children will have the same risk  
of suffering from the illness? (Yes) Data represent a composite of correct  
responses to both questions. ………………………………………………………...66…….63 
 
Two scientists want to know if a certain drug is effective against high blood 
 pressure. The first scientist wants to give the drug to 1,000 people with high 
blood pressure and see how many of them experience lower blood pressure 
 levels. The second scientist wants to give the drug to 500 people with high 
 blood pressure and not give the drug to another 500 people with high blood  
pressure, and see how many in both groups experience lower blood pressure 
 levels. Which is the better way to test this drug? Why is it better to test the 
 drug in this way? (The second way because a control group is used for 
 comparison)…………………………………………………………………………37…….39 

 
SOURCES: National Science Foundation, Division of Science Resources Statistics, Survey of 
Public Attitudes Toward and Understanding of Science and Technology (2001); University of 
Michigan, Survey of Consumer Attitudes (2004); and University of Chicago, National Opinion 
Research Center, General Social Survey (2006, 2008). See appendix tables 7-9 and 7-10 for factual 
knowledge questions.  See NSB (2010) for the references. 
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B. “Biological design in science classrooms” [Scott & Matzke (2007)]: The abstract 
reads:  

 

“Although evolutionary biology is replete with explanations for complex biological 
structures, scientists concerned about evolution education have been forced to 
confront ‘intelligent design’ (ID), which rejects a natural origin for biological 
complexity. The content of ID is a subset of the claims made by the older ‘creation 
science’ movement.  
 

Both creationist views contend that highly complex biological adaptations and even 
organisms categorically cannot result from natural causes but require a supernatural 
creative agent. Historically, ID arose from efforts to produce a form of creationism 
that would be less vulnerable to legal challenges and that would not overtly rely upon 
biblical literalism.  
 

Scientists do not use ID to explain nature, but because it has support from outside the 
scientific community, ID is nonetheless contributing substantially to a long-standing 
assault on the integrity of science education.”  
 

C. Jerome Epstein (1997-98) in “Cognitive Development in an Integrated Mathematics 
and Science Program” wrote (my emphasis): 

 

“While it is now well known that large numbers of students arrive at college with 
large educational and cognitive deficits, many faculty and administrative colleagues 
are not aware that many students lost all sense of meaning or understanding in 
elementary school. . . . . . . . . . . .  
 

In large numbers our students . . . . . [[at Bloomfield College (NJ) and Lehman 
(CUNY)]]. . . . cannot order a set of fractions and decimals and cannot place them on 
a number line. Many do not comprehend division by a fraction and have no concrete 
comprehension of the process of division itself. Reading rulers where there are other 
than 10 subdivisions, basic operational meaning of area and volume, are pervasive 
difficulties. 
 

 Most cannot deal with proportional reasoning nor any sort of problem that has to be 
translated from English. Our diagnostic test*, which has been given now at more 
than a dozen institutions shows that there are such students everywhere.” 
 

 
___________________________________ 
* Teachers and researchers may obtain copies by request to Jerry Epstein 
<jerepst@att.net>. 
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D.   Factoids from Rising Above the Gathering Storm, Revisited: Rapidly 
Approaching Category 5 [National Academies (2010)]: 
 

1.  Sixty-nine percent of United States public school students in fifth through eighth 
grade are taught mathematics by a teacher without a degree or certificate in 
mathematics [NCES (2003)].   
 
2. Ninety-three percent of United States public school students in fifth through eighth 
grade are taught the physical sciences by a teacher without a degree or certificate in 
the physical sciences [NCES (2003)].  
 
3. The United States ranks 27th among developed nations in the proportion of college 
students receiving undergraduate degrees in science or engineering [OECD (2009a).  
 
4. The United States ranks 20th in high school completion rate among industrialized 
nations and 16th in college completion rate [OECD (2009b)]. 
 
5. The average American K-12 student spends four hours a day in front of a TV 
[McDonough (2009)]. 

 
6. Sixty-eight percent of U.S. state prison inmates are high school drop-outs or 
otherwise did not qualify for a diploma [Harlow (2003)]. 
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IV. Ineffective Introductory Science Courses in the Universities Generate 
Scientifically Illiterate Leaders 

 
 

A.  Larry Cuban’s (2003) Take on Teachers:  
“I know from both experience and research that the teacher is at the heart of student 
learning and school improvement by virtue of being the classroom authority and 
gatekeeper for change. Thus the preparation, induction, and career development of 
teachers remain the Archimedian lever for both short- and long-term improvement of 
public schools.”  
But the Archimedian lever requires an above-poverty-level fulcrum – see e.g., “Our 
Impoverished View of Educational Reform” [Berliner (2005)]; “Poverty and 
Potential: Out-of-School Factors and School Success [Berliner (2009)]; “Is the 
'Teacher Effect' the Dominant Factor in Students' Academic Gain?” Hake (2011i,j); 
“Flow and diffusion of high-stakes test scores” [Marder & Bansal (2009); & “Failure 
of U.S. Public Secondary Schools in Mathematics: Poverty is a More Important 
Cause than Teacher Quality” Marder (2011)]]. . . . . . .  
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V. Time Chart [based on a chart in Physics: A General Introduction [Van 
       Heuvelen (1986)] 
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VI. Some Life-Threatening Science-Related Societal Problems 
 

A. Political-Scientific (a few of many examples)  
 

1. Overpopulation*  
 

2. Threat of weapons of mass destruction  
 

3. Human welfare (starvation, homelessness, unemployment, drugs, 
      epidemics, AIDS, etc.)  

 

4. Environment (global warming; pollution of air, water, land, food; ozone 
      depletion; deforestation; loss of biodiversity)  

 

5. Long-term energy crisis: man-made waste heat approaches Sun’s input 
       heat to Earth; depletion of fossil fuels  

 

6. Third world crises  
 

7. Superstition  
 

8. Terrorism 
 

B. Economic-Scientific (a few of many examples) 
1. Natural resource waste (fossil fuels, forests, grasslands, rivers,  
     ecosystems) 

 

2. Widening gap between the rich and the poor 
 

3. Lowering of living standards in many countries  
 

4. Human resource waste (minorities, lower castes, women)  
 

5. Unemployment 
 
_____________________________________ 
* James Duderstadt (2000) in A University for the 21st Century wrote: “With the world 
population now at 6 billion . . .[On 25 May 2011 13:48-0700 world population was  
6,920,701,279 - see <http://1.usa.gov/j2u6Gw>]]. . . ., we are already consuming 40% of 
the world's photosynthetic energy production. Current estimates place a stable world 
population at about 8 to 10 billion by the late twenty-first century, assuming fertility rates 
continue to drop over the next several decades. Yet even at this reduced rate of population 
growth, we could eventually consume all of the planet's resources, unless we take action. 
Because of this overload of the world's resources, even today, over 1.2 billion of the 
world's population live below the subsistence level, and 500 million below the minimum 
caloric intake level necessary for life.” 
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C. Are A Few Words From the Wise Sufficient?   
1. Edward O. Wilson <http://en.wikipedia.org/wiki/E._O._Wilson> 

 

                                                       
 

Wilson (1999) wrote in Consilience: The Unity of Knowledge: 
 

“The global population is precariously large, and will become much more so 
before peaking some time after 2050. Humanity overall is improving per capita 
production, health, and longevity. But it is doing so by eating up the planet’s 
capital, including natural resources and biological diversity millions of years old.  
 

Homo sapiens is approaching the limit of its food and water supply. Unlike any 
species before, it is also changing the world’s atmosphere and climate, lowering 
and polluting water tables, shrinking forests, and spreading deserts. Most of the 
stress originates directly or indirectly from a handful of industrialized 
countries.  
 

Their proven formulas for prosperity are being eagerly adopted by the rest of the 
world. The emulation cannot be sustained, not with the same levels of consumption 
and waste. Even if the industrialization of the developing countries is only 
partially successful, the environmental aftershock will dwarf the population 
explosion that preceded it.” 
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2. Albert Baez <http://en.wikipedia.org/wiki/Albert_Baez> 
 

                                                   
 

Baez, pioneer in X-ray optics, father of Joan, and former Director of the Division of 
Science Teaching at UNESCO, wrote: 

 

“I believe that science and technology are extremely important because they have 
been the most powerful agents for social change in the history of mankind. In the 
process, science and technology have extended the length and improved the quality 
of our lives. But we must also concede that they have contributed to the 
deterioration of the human environment. This shows up in four of the most serious 
problems of our society, the 4 P’s: population, pollution, poverty, and 
proliferation of weapons of mass destruction. 
 

In spite of this, I claim we need more, not less, science and technology, but they 
must be utilized constructively. To this end I believe that education will have to 
play an increasingly important role. But it will have to be an education that 
generates the real basics, the 4 C’s: curiosity, creativity, competence, and 
compassion. There can be no science without curiosity, no technology without 
creativity, and no production without competence, but without compassion they 
may all be used to destroy the Environment and life on Earth. 
 

The world stands in need of an environmental ethic which, in my mind, should 
spring from respect and affection for all living things. Benito Juarez. . . . .[[ 
<http://en.wikipedia.org/wiki/Benito_Juárez>]]. . . . . once said, ‘El respeto al 
derecho ajenoes la paz,’ which translates loosely into: ‘Respect for the rights of 
others is the basis of peace.’ Juarez had respect for the rights of people in mind, of 
course, but if we extend the concept to all living things - plants, animals, and the 
Earth itself - we have the basis of peace with the Earth and peace on Earth. This, I 
believe, is the end toward which science and technology should be applied.”  
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3. Dennis Meadows  <http://en.wikipedia.org/wiki/Dennis_Meadows> 
 

                                    
 

Meadows wrote (private communication of 17 November 2009 to R.R. Hake, 
         quoted by permission): 

 

“The global society, and particularly the US, is like a small boatload of people 
about to enter a long stretch of white water and rapids.  
 

For the foreseeable future we will be totally preoccupied with immediate problems 
and far too distracted to develop and implement a rational long-term plan. 
Eventually, after climate change, fossil fuel depletion, and several other 
manifestations of the growth limits have produced some new sort of semi stable 
state, with a MUCH lower population and material standard of living, our species 
will hopefully be able to start identifying, choosing, and pursuing its longer term 
options.  
 

I do not expect to be alive when that time comes.” 
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4. Rodger W. Bybee  <http://www.bscs.org/about/roster/rodgerbybee.html> 
                                                              

                                                               
In “Planet Earth in Crisis: How Should Science Educators Respond?” Bybee (1991) 
concludes): 

 

In the last half of the 20th century, environmental problems expanded from local to 
global prominence. Distant, early warnings such as Carson’s. . .[[(1962, 2002)]]. . . 
Silent Spring have become clear and present alarms in the form of McKibben’s. . 
.[[(2006)]]. . . book, The End of Nature.  Problems such as global warming, ozone 
depletion, and acid precipitation have conspired to form a planetary crisis. The 
implications for change are obvious, and the imperative for educators to 
respond is powerful. 
 

The thesis of this essay is that the lack of crucial vision of sustainability is a 
serious omission in contemporary science education. Educators have responded 
to contemporary problems. . . .[[see e.g., “Physics educators need to become more 
knowledgeable about and involved in renewable energy” (Ehrlich, 2010)]]. . . . 
.and have perceived the need to change; they have not, however, had a clear 
direction for change. Sustainable development is the proposed direction. . . 
Concurrent with the clear direction, there must be policies with understandable 
ideas and acceptable values. Policies for curriculum and instruction that will 
enhance sustainable growth. . . . . .[[But see “Sustainable Growth: An Impossibility 
Theorem” in Daly & Townsend (1992).]]. . . . .  are based on the ideas of fulfilling 
basic human needs, improving the environment, conserving resources, and 
developing a sense of community.  The values suggested for a sustainable society 
are justice and beneficence in the distribution of goods and services for basics 
needs; stewardship and prudence in the human use of the environment and 
resources; and cooperation and mutual regard in the development of a greater sense 
of community among people. . . . . . . 
 

If a new vision is to be developed, we must construct it through educational 
policies and translate an obligation to respond; the situation is urgent, the 
problems are clear, the means are available, and the role of education is clear. 
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VII. University Reform - Needed But Unlikely*: University Leaders Bemoan 
the Inertia of Higher Education: Why Is It So Slow To Recognize the Value of 
Interactive Engagement Methods in Promoting Higher-Level Learning?” 
 

A. Derek Bok <http://en.wikipedia.org/wiki/Derek_Bok>  

                              
 

Bok (2005a), former president of Harvard University, wrote in “Are colleges 
failing?”: 

 

“. . . studies indicate that problem-based discussion, group study, and other forms 
of active learning produce greater gains in critical thinking than lectures, yet the 
lecture format is still the standard in most college classes, especially in large 
universities.” 
 

 
 
 
 
 
 
___________________________ 
* Section VII borrows from the previous unpublished “Can Scientific Research Enhance 
the Art of Teaching?” [Hake (2007)]. 
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B. James Duderstadt  
         <http://en.wikipedia.org/wiki/James_Johnson_Duderstadt> 

                           

                          
  

Duderstadt (2000), President Emeritus and University Professor of Science and 
Engineering at the University of Michigan, made much the same point, 
writing in A University for the 21st Century: 

 
“Few faculty members have any awareness of the expanding knowledge about 
learning from psychology and cognitive science. Almost no one in the academy 
has mastered or used this knowledge base. One of my colleagues observed that if 
doctors used science the way college teachers do, they would still be trying to heal 
with leeches.” 
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C. Richard M. Cyert <http://en.wikipedia.org/wiki/Richard_Cyert> 
                                 

                               
 

Cyert, former president of Carnegie Mellon University, wrote in Tuma & Reif (1980): 
  

“The academic area is one of the most difficult areas to change in our society. We 
continue to use the same methods of instruction, particularly lectures, that have been 
used for hundreds of years. Little scientific research is done to test new approaches, 
and little systematic attention is given to the development of new methods. 
Universities that study many aspects of the world ignore the educational function in 
which they are engaging and from which a large part of their revenues are earned.” 
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D. Donald Kennedy <http://en.wikipedia.org/wiki/Donald_Kennedy> 
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
	  
	  

Kennedy (1990), former president of Stanford University, in his “Stanford President's 
Address: Stanford in Its Second Century” wrote:  
 

“We have not been very systematic about our quest to improve teaching, even though 
we value it highly and frequently do well at it. I am struck, for example, by the lack 
of conversation about what pedagogy means, and what makes it successful. It is our 
profession, yet it is mysteriously absent from our professional discourse. Here we are, 
engaged in an activity that is vital to ourselves, our students, and our public - yet we 
speak of how to do it, if at all, as though it had no data base, lacked a history, and 
offered no innovative challenges.” 
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E. Fred Reif  

                                    
 

Reif (1974), a physics-education-research pioneer, in a commentary “Educational 
Challenges for the University” in Science, as relevant today as it was 37 years ago, 
wrote: 
 

“The university does not systematically encourage faculty members to turn their 
talents to educational endeavors; in fact such endeavors are usually regarded as 
being of dubious legitimacy compared to more prestigious activities. . . . 
educational innovations are few in number and often marginal in their impact. Nor 
is this situation surprising, since the university, unlike any progressive industry, is 
not in the habit of improving its own performance by systematic investment in 
innovative research and development.” 
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VIII. Why Do We Find No Evidence for Extraterrestrial Intelligent 
          Life? Resolution of Fermi’s Paradox: “Where is Everybody?” *  
 

A. On Earth, human understanding fails to keep pace  
       with the exponential-in-time advances in science and  
       technology (see Time Chart on p. 14). 
 

B. Serious problems threaten life on planet Earth – see  
       Sect. VI, pp. 15 -19:  “Some Life-Threatening  
       Science-Related Societal Problems.” 
 

C. I submit that similar problems arose in other societies  
       throughout the universe at our stage of development.  
       University faculty in those societies, as in our own, were 
       unconcerned with introductory science education 
       for non-research-oriented students and failed to take 
       seriously the admonitions of their more astute leaders –  
       see Sect. VII, pp. 20-24 “University Reform - Needed  
       But Unlikely.” 
 

D. The resultant dearth of competent pre-college  
        science/math teachers led to science illiteracy similar  
         to ours, the election or acceptance of scientifically  
         illiterate leaders – see Sect. IV, p. 13: “Ineffective  
         Introductory Science Courses in the Universities  
         Generate Scientifically Illiterate Leaders” - consequent  
         failure to solve life-threatening problems, and  
         subsequent destruction of those societies.  
 

E. I conjecture that the above accounts for our 
       failure to detect any evidence of extraterrestrial  
       intelligent life (Drake Eq.: N ≈ L/40*) . . . . . . . . . . . . . . . . .  QED 

_________________________________ 
* For previous similar resolutions of “Fermi’s Paradox” see Sect. 5.1.2 “It is the 
       nature of intelligent life to destroy itself” at  
       <http://en.wikipedia.org/wiki/Fermi_paradox>. 
 
**Goldsmith & Owen (2001, p. 450): “When we multiply all the factors . . . .[[in the 
       Drake Equation]]. . . .together, we find that the result for the number N of intelligent 
       civilizations in our galaxy now with communication ability and desire equals L/40, 
       where L is the lifetime, measured in years of a civilization once it has developed the 
       ability and desire to communicate with others.” 
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                                     “US” = University Faculty !! 
 
       Q. Should the Culture of University Science Education Be Changed? 
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