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Introduction to Critical Thinking

Critical thinking is an important and vital topic in modern education. All educators are interested in teaching critical thinking to their students. Many academic departments hope that its professors and instructors will become informed about the strategy of teaching critical thinking skills, identify areas in one's courses as the proper place to emphasize and teach critical thinking, and develop and use some problems in exams that test students' critical thinking skills. This critical thinking manual has been prepared to inform and aid you to accomplish these things, and it has been kept brief and straightforward so that all faculty members will have the time and opportunity to read it and follow the suggestions it contains.

Purpose and Rationale of Teaching Critical Thinking

The purpose of specifically teaching critical thinking in the sciences or any other discipline is to improve the thinking skills of students and thus better prepare them to succeed in the world. But, you may ask, don't we automatically teach critical thinking when we teach our subjects, especially mathematics and science, the two disciplines which supposedly epitomize correct and logical thinking? The answer, sadly, is often no. Please consider these two quotations:

"It is strange that we expect students to learn, yet seldom teach them anything about learning." Donald Norman, 1980, "Cognitive engineering and education," in Problem Solving and Education: Issues in Teaching and Research, edited by D.T. Tuna and F. Reif, Erlbaum Publishers. 

"We should be teaching students how to think. Instead, we are teaching them what to think." Clement and Lochhead, 1980, Cognitive Process Instruction.
Perhaps you can now see the problem. All education consists of transmitting to students two different things: (1) the subject matter or discipline content of the course ("what to think"), and (2) the correct way to understand and evaluate this subject matter ("how to think"). We do an excellent job of transmitting the content of our respective academic disciplines, but we often fail to teach students how to think effectively about this subject matter, that is, how to properly understand and evaluate it. This second ability is termed critical thinking. All educational disciplines have reported the difficulty of imparting critical thinking skills. In 1983, in its landmark report A Nation at Risk, the National Commission on Excellence in Education warned:

"Many 17-year-olds do not possess the 'higher-order' intellectual skills we should expect of them. Nearly 40 percent cannot draw inferences from written material; only one-fifth can write a persuasive essay; and only one-third can solve a mathematics problem requiring several steps."

While we as professors have the ability ourselves to think critically (we had to learn these skills to earn advanced degrees in our disciplines), many students--including our own--never develop critical thinking skills. Why? There are a number of reasons. The first goal of education, "what to think," is so traditionally obvious that instructors and students may focus all their energies and efforts on the task of transmitting and acquiring basic knowledge. Indeed, many students find that this goal alone is so overwhelming that they have time for little else. On the other hand, the second goal of education, "how to think" or critical thinking, is often so subtle that instructors fail to recognize it and students fail to realize its absence.

So much has become known about the natural world that the information content of science has become enormous. This is so well known that science educators and science textbook writers came to believe that they must seek to transmit as much factual information as possible in the time available. Textbooks grew larger and curricula became more concentrated; students were expected to memorize and learn increasingly more material. Acquisition of scientific facts and information took precedence over learning scientific methods and concepts. Inevitably, the essential accompanying task of transmitting the methods of correct investigation, understanding, and evaluation of all this scientific data (that is, critical thinking) was lost by the roadside. This situation became especially severe in primary and secondary education, and over the last decades there has been a well-known decline in the math and science ability of students in our country compared to other industrialized countries. Studies have shown that our students abilities in math and science begin on level with students in other countries, but then progressively decrease as they make their way through our educational system. By the end of high school, United States students rank among the lowest in the industrialized world in math and science achievement. We in introductory college science education inherit these students and have to deal with their deficiencies in scientific and critical thinking.

In retrospect, it seems obvious that when the information content of a discipline increases, it becomes even more vital to spend time, not learning more information, but learning methods to acquire, understand, and evaluate this information and the great amount of new information that is not known now but will surely follow. Frankly, it is counterproductive to simply memorize and learn more new and isolated facts when future facts may eventually displace these. Thus, our science education policy has been completely backward, teaching more science facts and less scientific method rather than the converse. The errors of primary and secondary education in math, science, and other disciplines during the last forty years are now well known and are currently being addressed. The latest science books, for example, emphasize critical thinking and the scientific method. They focus on teaching students the proper ways to obtain new reliable knowledge for one's self, not on engendering factual overload. Curriculum reforms in science, such as Project 2061 of the AAAS and Scope, Sequence and Coordination of the NSTA, are also being instituted. It will be another generation before these textbook and curriculum reforms will have achieved results, if ever, and until then we must be aware of students' lack of critical thinking skills and of our need to enhance them. (It is accepted, one assumes, that students entering college should already have mastered all basic critical thinking skills; that is, they should have learned these skills during their primary and secondary education and thus be able to bring them with them into the college math and science classroom. The fact that this manual has been prepared is an indication that students have not learned these skills. We may be the last opportunity such students have to appreciate and learn critical thinking.)

A final rationale for critical thinking is explained by William T. Daly (1990) in a short article, "Developing Critical Thinking Skills." He says that

"the critical thinking movement in the U.S. has been bolstered and sustained by the business community's need to compete in a global economy. The general skill levels needed in the work force are going up while the skill levels of potential employees are going down. As a result, this particular educational reform movement . . . will remain crucial to the education of the work force and the economy's performance in the global arena. This economic pressure to teach critical thinking skills will fall on educational institutions because these skills, for the most part, are rarely taught or reinforced outside formal educational institutions. Unfortunately, at the moment, they are also rarely taught inside educational institutions."

Definition of Critical Thinking

Critical thinking means correct thinking in the pursuit of relevant and reliable knowledge about the world. Another way to describe it is reasonable, reflective, responsible, and skillful thinking that is focused on deciding what to believe or do. A person who thinks critically can ask appropriate questions, gather relevant information, efficiently and creatively sort through this information, reason logically from this information, and come to reliable and trustworthy conclusions about the world that enable one to live and act successfully in it. Critical thinking is not being able to process information well enough to know to stop for red lights or whether you received the correct change at the supermarket. Such low-order thinking, critical and useful though it may be, is sufficient only for personal survival; most individuals master this. True critical thinking is higher-order thinking, enabling a person to, for example, responsibly judge between political candidates, serve on a murder trial jury, evaluate society's need for nuclear power plants, and assess the consequences of global warming. Critical thinking enables an individual to be a responsible citizen who contributes to society, and not be merely a consumer of society's distractions.

Children are not born with the power to think critically, nor do they develop this ability naturally beyond survival-level thinking. Critical thinking is a learned ability that must be taught. Most individuals never learn it. Critical thinking cannot be taught reliably to students by peers or by most parents. Trained and knowledgable instructors are necessary to impart the proper information and skills. Math and science instructors have precisely this information and these skills. Why?

Critical thinking can be described as the scientific method applied by ordinary people to the ordinary world. This is true because critical thinking mimics the well-known method of scientific investigation: a question is identified, an hypothesis formulated, relevant data sought and gathered, the hypothesis is logically tested and evaluated, and reliable conclusions are drawn from the result. All of the skills of scientific investigation are matched by critical thinking, which is therefore nothing more than scientific method used in everyday life rather than in specifically scientific disciplines or endeavors. Critical thinking is scientific thinking. Many books and papers describing critical thinking present it's goals and methods as identical or similar to the goals and methods of science. A scientifically-literate person, such as a math or science instructor, has learned to think critically to achieve that level of scientific awareness. But any individual with an advanced degree in any university discipline has almost certainly learned the techniques of critical thinking.

Critical thinking is the ability to think for one's self and reliably and responsibly make those decisions that affect one's life. Critical thinking is also critical inquiry, so such critical thinkers investigate problems, ask questions, pose new answers that challenge the status quo, discover new information that can be used for good or ill, question authorities and traditional beliefs, challenge received dogmas and doctrines, and often end up possessing power in society greater than their numbers. It may be that a workable society or culture can tolerate only a small number of critical thinkers, that learning, internalizing, and practicing scientific and critical thinking is discouraged. Most people are followers of authority: most do not question, are not curious, and do not challenge authority figures who claim special knowledge or insight. Most people, therefore, do not think for themselves, but rely on others to think for them. Most people indulge in wishful, hopeful, and emotional thinking, believing that what they believe is true because they wish it, hope it, or feel it to be true. Most people, therefore, do not think critically.

Critical thinking has many components. Life can be described as a sequence of problems that each individual must solve for one's self. Critical thinking skills are nothing more than problem solving skills that result in reliable knowledge. Humans constantly process information. Critical thinking is the practice of processing this information in the most skillful, accurate, and rigorous manner possible, in such a way that it leads to the most reliable, logical, and trustworthy conclusions, upon which one can make responsible decisions about one's life, behavior, and actions with full knowledge of assumptions and consequences of those decisions.

Raymond S. Nickerson (1987), an authority on critical thinking, characterizes a good critical thinker in terms of knowledge, abilities, attitudes, and habitual ways of behaving. Here are some of the characteristics of such a thinker:

· uses evidence skillfully and impartially
  

· organizes thoughts and articulates them concisely and coherently
  

· distinguishers between logically valid and invalid inferences
  

· suspends judgment in the absence of sufficient evidence to support a decision
  

· understands the difference between reasoning and rationalizing
  

· attempts to anticipate the probable consequences of alternative actions
  

· understands the idea of degrees of belief
  

· sees similarities and analogies that are not superficially apparent
  

· can learn independently and has an abiding interest in doing so
  

· applies problem-solving techniques in domains other than those in which learned
  

· can structure informally represented problems in such a way that formal techniques, such as mathematics, can be used to solve them
  

· can strip a verbal argument of irrelevancies and phrase it in its essential terms
  

· habitually questions one's own views and attempts to understand both the assumptions that are critical to those views and the implications of the views
  

· is sensitive to the difference between the validity of a belief and the intensity with which it is held
  

· is aware of the fact that one's understanding is always limited, often much more so than would be apparent to one with a noninquiring attitude
  

· recognizes the fallibility of one's own opinions, the probability of bias in those opinions, and the danger of weighting evidence according to personal preferences 

This list is, of course, incomplete, but it serves to indicate the type of thinking and approach to life that critical thinking is supposed to be. Similar descriptions of critical thinking attributes are available in the very extensive literature of critical thinking. See, for example, Teaching Thinking Skills, 1987, edited by J. B. Baron and R. J. Steinberg; Developing Minds: A Resource Book for Teaching Thinking, 1985, edited by A. L. Costa; The Teaching of Thinking, 1985, edited by R. S. Nickerson and others; Critical Thinking, Fifth Edition, 1998, by B. N. Moore and Richard Parker, and Critical Thinking, Second edition, 1990, by John Chaffe. These books are representative of the genre.

