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Faculty identify critical thinking as a core goal for their teaching, but most know little about the intellectual foundations and research of higher-order thinking, including metacognition, epistemology, and adult developmental theory. One focus of this symposium is recent research on higher-order thinking as it relates to college science teaching. Speakers will also describe research and evaluation showing links between specific student-active approaches (e.g. use of primary literature, open-ended investigations, cooperative groupwork) and student gains in a variety of critical thinking skills.  Examples are from both small and very large classes in several disciplines. These studies show how workshops and other educational sessions on higher-order thinking can help faculty make better use of approaches that help students improve higher-order thinking skills. 
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Introduction

What Is Critical Thinking?

Ask a professor to list goals for students in a course, and “critical thinking” will appear near the top of the list. Follow-up by inviting the professor to define critical thinking, and the response will be much slower and uncertain. It is not surprising that faculty have difficulty describing such a complex concept. Reading about critical or higher order thinking can take the learner into disciplines including philosophy, cognition, and psychology, and published definitions are many and varied.

One of the more straightforward definitions developed by the California State Department of Education organizes critical thinking skills into 3 operationalized categories; 1) defining and clarifying a problem, 2) making judgements about information related to the problem, and 3) solving problems and drawing conclusions [1] This is a useful description for both K-12 and college teaching, but it leaves out some of the intellectual context especially important to science teaching/learning at the college level.

In contrast, a more comprehensive description by Kurfiss [2] includes three perspectives:1) informal logic, deductive/inductive argumentation, and the ability to detect poor reasoning 2) cognitive processes such as the organization of knowledge into memory; knowledge of facts and concepts plus how to reason and inquire within a discipline; and metacognition , and 3) intellectual development about the nature of knowledge, uncertainty, and justification of beliefs. Faculty reading this list will appreciate how much there is to know about these perspectives - each with its own research and intellectual foundations. But faculty may also then decide that their time is too limited - that they just cannot learn enough about higher order thinking to apply this information in the classroom. While this hesitation is quite understandable, examples in this symposium demonstrate how clarifying some of these concepts do help professors improve their teaching in a diversity of classroom settings. 

Example of Teaching Higher Order Thinking In Science Courses

  • Discipline-Specific Logic, Reasoning, and Metacognition
 
Many science and mathematics faculty focus the teaching of critical thinking on logical reasoning and inquiry particular to their disciplines.  For instance, physics educators recognize that physics experts organize their thinking around a relatively few principles which they apply to a variety of problems and situations. In contrast, novice learners tend to focus on superficial aspects of a problem, such as whether it concerns cars as opposed to pulleys. Physicist faculty who recognize this difference between expert and novice reasoning have used cooperative groupwork to help their students develop more sophisticated analytical skills solving physics problems [3]. Students in these courses typically work in groups in class to address conceptual problems. They then explain the group's ideas to the class as a whole and then participate in a critical evaluation of the logical reasoning used by their peers. This focus on self reflection of reasoning processes is crucial to metacognition.


As another example, Schoenfeld [4] works as a "metacognitive monitor" in a mathematics class that helps students identify how they make decisions in the process of solving a math problem.  He give students a difficult problem that may be the sole focus of a class.  A poster at the head of the classroom asks: 1) What exactly are you doing? Can you describe it precisely? 2) Why are you doing this? How does it fit into the solution? 3) How does what you are doing help you? Students learn that there is not one single answer to a problem, and consequently they gain confidence in their own ability to reason through math problems.

    • The Process of Science

Increasing numbers of science faculty understand that students who work on open-ended projects in the lab section of a course better appreciate "what scientists do" [5]. At Hampshire College all first year students take project-based courses that are not designed as introductions to biology, chemistry, or other science disciplines. Instead these students carry out extended investigations, read and write primary articles, and critique scientists' work and ideas [6].  One goal of this program is for students to appreciate science as a mode of inquiry, a way of thinking that they can engage in and enjoy. As a result non-science majors often realize for the first time that science is relevant to their lives and is interesting. Majors are more sophisticated learners is subsequent courses, and they also better understand why they need background courses such as basic chemistry or physics.

   • Misconceptions


Students hold intuitive but incorrect conceptions even after they are given specific information designed to address these misconceptions.  For instance, in the Private Universe video series [7] graduating Harvard students are handed pieces of wood and asked to describe the elemental composition of trees. One by one these "best and brightest" declare that the elements embodied in trees come from water and nutrients in the soil. Not one mentions carbon or the process of photosynthesis, even when pressed, although all have taken at least one biology course in high school or college. 


Faculty aware of the common misconceptions in their fields can use techniques that force students to confront their misconceptions. For instance, they can ask questions and pose problems that entrap students in particular misconceptions and then ask students to apply what they have learned to a new situation.  In the Private Universe tree video a young student who states that air has no weight (and therefore cannot contribute to the weight of a tree) is given dry ice to hold with tongs.  As he is told that dry ice is frozen carbon dioxide the viewer can witness his struggle to reconcile this information with his misconception about air.  He then applies his new realization - that carbon and oxygen exist in the atmosphere as carbon dioxide  - to the correct understanding of the process of photosynthesis. 

  • Beliefs About Knowledge (Epistemology) 


Students hold many misunderstandings about the nature of knowledge in a discipline. Common examples are that biology is mainly about memorization of facts (plant parts, metabolic pathways) and good math students solve mathematics problems quickly.  Such misunderstandings are quite understandable given the ways that biology and mathematics, especially at the introductory level, are taught. 


A wide range of student-active techniques can be used to help students develop a deeper understanding of knowledge in a discipline. For instance in Problem Based Learning (PBL) courses students work in formal groups on complex, real life problems. In a PBL human biology course the problem might be a medical case from the literature or from physicians; students are given a set of symptoms, just as a physician would receive from a patient, and using references, prior knowledge, and reasoning they work through progressive sets of information (e.g. white blood cell counts or a patient's history with allergies) to reach a diagnosis [8].  In such a class students better understand how medical biologists approach problems, the kinds of questions they ask, how they obtain information, and the iterative process of science in general.

Should those of us working to improve college science teaching try to interest faculty in subjects such as metacognition and epistemology?  In my view faculty would benefit a great deal from learning about research related to higher order thinking, and they would be compelled by its implications for teaching. The problem is how to interest them in these topics. The usual avenues - journals and meetings - will not work because most faculty are simply not interested in reading journals or texts about thinking and learning. 

One Professor’s Experience

I address this question from my own experience as an ecology professor in a liberal arts college. Even though experimentation with teaching is encouraged and rewarded at Hampshire College, I have never taken a course on learning, and until recently I only read ecology journals. For many years I have defined critical thinking as good scientific inquiry, which I believed I helped my students experience reasonably well.  For example, students in my courses work on open-ended investigations and they read and write primary articles [6]. 

My understanding of higher order thinking changed several years ago when I participated in doctoral research conducted by Laura Wenk, University of Massachusetts, Amherst on students’ understanding of the nature of science. I was fascinated to learn about the Perry [9] and King & Kitchner [10] adult developmental schemes describing students’ reliance on evidence and authority and their reasons for uncertainty among scientists (see Wenk his volume). Working in my classroom with Dr. Wenk on her research has helped me design classes that better foster critical thinking skills. For instance, I now give more time to discussions about the qualities of good evidence, whereas before I assumed that students would understand such criteria more easily. Now I better understand that some students are reluctant to critique primary articles because they still hold believe that authorities have "the" right answers. I can also better explain to students and colleague how particular teaching approaches may improve students' critical thinking skills. 

  Learning About Higher Order Thinking By Looking At Your Own Teaching

Dr. Wenk tutored me about intellectual development in regard to teaching, but most faculty are not so fortunate to have a private tutor. How can other professors make similar gains in their understanding of higher order thinking and application of this knowledge to their own course design? One avenue may be through the process of formative evaluation – when faculty view their courses as laboratories for learning about teaching and learning.  An important purpose of ongoing evaluation is engaging the intellectual curiosity of teachers about the process of learning and stimulating them to ask questions about how students learn best [11].

Does knowledge about and evaluation of critical thinking improve science and math teaching? How would this knowledge stimulate professors to challenge their assumptions about what learning is and how students learn best? What particular teaching practices help students improve critical thinking skills? How is research on higher order thinking different from evaluation, and how can researchers' findings help faculty teach better? These are the types of questions that stimulated me to organize this symposium. 

The Speaker's Perspectives

The four symposium speakers address these issues from both a researcher’s and practitioner’s viewpoint. Together they explore the connection between using the classroom as a laboratory for research and evaluation of critical thinking and the day to day practice of teaching college science students to think critically. 


• Neil Stillings (The Role of the Teacher/Researcher and Classroom-oriented Research Partnerships in Advancing Out Understanding and Assessment of Student Learning): Neil Stillings - Dr. Stillings outlines the current theoretical and empirical basis for  conceptual descriptions of higher-order outcomes in the sciences.  He emphasizes two main points: 1) Higher-order outcomes should be a goal in all science instruction, at any level and 2) Development and refinement of best teaching strategies and evaluation requires continuous integration of curriculum development and research. He argues that faculty must become active and reflective researchers in cognition and education. This can be achieved through partnerships between researchers and teachers.  


• Laura Wenk (Improving Students' Understanding of the Nature of Science Inquiry-based Instruction in Introductory College Science Courses): Dr. Wenk describes results of interviews with students at the beginning and end of first year courses in which students use primary literature and engage in authentic, open-ended research. She focuses on students' views of the nature of scientific knowledge, their understanding of disagreement, and how they made decisions about complex scientific questions.  This research shows how in-depth engagement in genuine scientific inquiry allows freshmen to make significant gains in scores quantifying epistemology and justification of decisions in science. This study is important because it helps faculty understand how a particular teaching approach (e.g. first year students critically evaluate primary literature) leads to improved critical thinking skills (e.g. better interpretation of disagreements in science). 


• Diane Ebert-May (“Assessment” in Teaching vs “Assessment” in Research): Dr. Ebert-May draws parallels between a professor's approaches to scientific research with the approaches about assessment in teaching.  This distinction allows faculty to gain confidence in using assessment tools and strategies, as well as to contribute to the knowledge about assessment of undergraduates. She illustrates this point from her considerable experience working with faculty, and especially those teaching large classes in university settings. 


• Richard Yuretich (Assessing Higher-Order Thinking in Large Introductory Science Classes): In 1998 Dr. Yuretich began using cooperative groupwork approaches and the "pyramid exam" in his introductory level Oceanography class. He adopted Bloom's taxonomy of learning to design discussion and exam questions targeting skills such as synthesis and analysis in addition to knowledge and comprehension. By comparing student performance on exams before and after 1998 he shows how the particular student-active methods he uses help students improve their ability to analyze, generalize, assess, judge and explain. This work demonstrates how scientists can view their classrooms as laboratories for education research. It is also especially compelling because it concerns the improvement of scientific thinking skills in very large, introductory non-majors courses. 
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