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Slippery Rock University was awarded a grant to adapt a research-based curriculum, "Constructing Physics Understanding in a Computer-Supported Learning Environment Project" (CPU), for a course taken by approximately two-thirds of the elementary education majors.  The traditional lecture/laboratory sections this course have been discontinued, and another constructivist physics course is no longer being offered.  Discussion has started among faculty and administrators about developing an integrated science course for pre-service elementary education teachers.  Within the constraints of state laws, university requirements, and program emphases, difficult choices have been unavoidable in attempts at SRU to meet the goal of increasing the number of students learning physics in a constructivist environment.  Just as a student's history affects what physics understanding he or she is willing and able to construct, so also does a faculty member's history affect the curriculum reform he or she is willing and able to undertake.

Theory and pedagogy of constructivism

“Constructivism is a theory of learning, and it is also a theory of knowing.  It is an epistemological concept that draws from a variety of fields, including philosophy, psychology, and science” [1, p.1].  Constructivism "has become de rigueur in educational circles and ... stems from a long and respected tradition in cognitive psychology, especially the writings of Dewey, Vygotsky, and Piaget" [2, p. 23].  Ernst von Glasersfeld's basic principles of radical constructivism are the following:

"1.  Knowledge is not passively received either through the senses or by way of communication, but it is actively built up by the cognising subject.

2.  The function of cognition is adaptive and serves the subject's organization of the experiential world, not the discovery of an objective ontological reality" [3, p. 83].

A constructivist view does not lead to a simple, uncontested set of rules for pedagogical practice.  General agreement is that students need interaction with their peers to stimulate meaning-making.  The way social interdependence is structured determines how individuals interact.  This, in turn, determines what is accomplished by the group [4].  Intrinsic motivation is generated by interpersonal factors and joint aspirations [5] [6].  Interaction with the physical world also stimulates meaning-making.  In a constructivist classroom, the teacher elicits students’ initial beliefs about the subject to be studied and about the nature of learning.  The teacher sets up situations that will cause dissatisfaction with existing ideas.  Realizing that students' expectations affect their observations and that multiple approaches to problem solving are acceptable, the teacher monitors students' understandings, requests from them evidence and justification, provides constraints for their thinking, and gives them opportunities to represent their knowledge in a variety of ways.  The teacher's role also includes introducing, when necessary, new ways of thinking about phenomena and working with symbols.  Then the teacher guides and supports students as they make sense of these ideas and tools for themselves in cooperation with their classmates [7] [8] [9] [10] [11] [12] [13] [14] [15] [16].

Implementation of constructivist research-based science curricula at SRU

At Slippery Rock University (SRU), 6,500 undergraduate students were enrolled for the fall semester of 2001 and 5,972 for the spring semester of 2002.  SRU graduates about 150 elementary education majors each year.  Currently, they must take just enough science to meet the university's Liberal Studies requirements.  In the Natural Sciences and Mathematics block, students choose two goal science courses from an approved list.  Each course must be from a different department.  Students majoring in Elementary Education are required to take MATH 210, Elementary Mathematics, for their third goal course.  Students then take one enrichment course from another approved list.  Students must also complete a science laboratory requirement.  The laboratory experience may be taken as part of a goal or an enrichment course.  Until legislation was passed in the Commonwealth of Pennsylvania requiring all education majors to take two mathematics courses, Elementary Education majors most often chose a science enrichment course.  Now they all take a mathematics enrichment course.

PIPS CURRICULUM

A constructivist research-based science curriculum was first used at SRU during the spring of 1993, and it was a preliminary draft version of the Powerful Ideas in Physical Science (PIPS) curriculum funded by the National Science Foundation (NSF) and published by the American Association of Physics Teachers (AAPT).  This curriculum continued to be taught to about fifty students each semester through the spring of 2001 in the course PHYS 103, Investigating Matter and Energy.  Topics in this course were light, heat, matter, and current electricity.  No textbook was used with this course, but partial chapters of several were placed in the reserve section of the university library for use by students.  The students received a laboratory manual consisting of PIPS pages with some minor revisions.

The only person who ever taught PHYS 103 is a secondary education professor.  She was in the twelve-member Development Group for this curriculum and a leader for PIPS professional development programs in nine states.  This course designed around the PIPS curriculum is an enrichment course with no prerequisites.  Because no physics faculty agreed to teach PHYS 103 even once, there was no way the department would guarantee to offer it consistently enough to meet university requirements for goal courses.  Due to changes in mathematics requirements for teacher certification in Pennsylvania combined with issues about faculty unwillingness to teach this course designed for elementary education majors, it is unlikely that PHYS 103 will be offered in the near future.

Constructivism was an explicit basis for the PIPS project from its inception.  The PIPS Development Group agreed upon the following pedagogical principles:
1.  Prior to instruction, students have beliefs about the physical world, about the roles of students and teachers, and about the nature of science.  All of these beliefs influence what students learn.

2.  Dissatisfaction with existing ideas causes students to recognize their need to organize their conceptions, make new connections, and build new conceptions.

3.  The learner must recognize the status of his or her current conceptions before evaluating their utility and choosing to reconstruct these conceptions [17].

The developers and field testers applied the following filter questions to plan classroom activities day by day and to judge the quality of instruction at the end of a course:

1.  Are students examining their prior knowledge and beliefs about the physical world, the roles of students and teachers, and about the nature of science?

2.  Are students’ ideas monitored by the instructor throughout the learning process?

3.  Do students invent and consider alternate beliefs about how the world works?

4.  Do students make connections between newly formed ideas and their previous ideas and experiences?

5.  Are students’ ideas treated as valuable by other students and the instructor in all cases? [17].

Upon this foundation a course model was developed in which students experience the kind of science instruction that they will later be expected to give in elementary schools.  The PIPS manuals are designed so that students' pages may be selected and revised to make this course model most appropriate for particular institutions and student populations.

CETP-PA PROJECT

During the summer of 2000, the National Science Foundation funded the Collaborative for Excellence in Teacher Preparation in Pennsylvania (CETP-PA).  The State System of Higher Education (SSHE) proposal for this project stated, "Constructivist teaching practices are recognized by current research as the most consistent with how individuals learn."  The proposal went on to say that constructivist teaching involves finding out what students already know and then teaching in ways that help students link, in their own individual learning styles, new information to their already existing cognitive frameworks and knowledge.  Slippery Rock University is one of 14 universities in the SSHE.  In 1998 when the grant proposal was written, the SSHE universities prepared 29% of the teachers obtaining Pennsylvania certification in secondary mathematics, 35% of those in secondary science, and 39% of those in elementary education.

Three of the goals for CETP-PA are the following:

1.  Science, mathematics, and teacher education courses taken by prospective teachers in State System universities address the content and use constructivist strategies contained in national and PA standards;

2.  Science, mathematics, and teacher education faculty in State System universities have the knowledge, skill, and commitment to teach courses that reflect the content and constructivist strategies contained in national and PA standards;

3.  Prospective elementary and secondary science and mathematics teachers graduating from State System universities have the knowledge, skills, and commitment to teach K-12 science and mathematics according to national and PA standards.

Therefore, a major objective of this project has been to change selected university content courses taken by education students to reflect research-based effective pedagogy.

Four state-wide workgroups have been formed to provide descriptions of programs at SSHE universities, lists of resources, and recommendations for curricular change.  These four workgroups are Elementary Science, Secondary Science, Elementary Mathematics, and Secondary Mathematics.  Two more workgroups that do not deal with curriculum have been formed, also.  The issue of how the workgroups might be most helpful has not yet been resolved to everyone's satisfaction.

From state-wide CETP-PA meetings, it has become obvious that SRU is an anomaly among the 14 SSHE universities because SRU does not specify which science courses Elementary Education majors need to take.  Two of these universities require four science courses for elementary education majors.  The mode is two required science courses.  The Elementary Science Workgroup has made the recommendation that all university students preparing to become teachers in elementary schools should understand the fundamental concepts of physical science, life science, and earth and space science.

CPU CURRICULUM

For at least two decades, PHYS 101, Concepts of Science I, has been recommended often by elementary education faculty to their advisees.  The result is that approximately two-thirds of the elementary education majors at SRU have been taking this course.  Because students with other majors also choose this course, more than half of all SRU students enroll in it.

In the fall semester of 2000, PHYS 101 had two sections of lecture and six sections of laboratory taught by four physics faculty using a traditional curriculum.  Lectures emphasized construction of models in science, and laboratories emphasized concept verification.  The professors teaching this course desired to not just cover physics content, but also to impart a sense of the nature of science and cultivate positive student attitudes concerning science.  Topics in this course were astronomy, atoms, mechanics (including gravity and energy), thermodynamics, electricity (both static and current), magnetism, and waves (including electromagnetic waves).  A textbook was always used with this course, but the authorship varied over the years.  The laboratory manual was written by SRU faculty.  Recently, the professor’s lecture notes have been put on the campus computer network to aid students’ learning.
The Physics Department submitted during the fall of 2000 a SSHE Program Initiative grant proposal.  An award was made to adopt the NSF-funded curriculum, "Constructing Physics Understanding in a Computer-Supported Learning Environment Project (CPU)," developed at San Diego State University (SDSU) and cooperating institutions.  The CPU curriculum was chosen as likely to increase the quality of the K-8 teacher education programs at SRU because active-engagement instruction typically results in deeper subject matter understanding by students as compared with typical lecture-based instruction and because inquiry-based courses model effective teaching practice for students preparing to become teachers themselves.  Hands-on science equipment, computers, an interactive whiteboard projection system, computer simulation software, computer data collection probes, faculty professional development, an instructor's salary, and student wages are among the things funded by this grant.  The grant covered a trip to SDSU for the Chairperson of the Physics Department, who is also the Project Director, in order that he might extend his knowledge about teaching a constructivist physics course.

At the CPU website http://cpuproject.sdsu.edu/CPU/, it is stated that the curriculum is designed so that "students take primary responsibility for developing a valid and robust knowledge about physics."  The CPU curriculum is based on the premise that students arrive in the classroom with their own ideas about the physical world, and the course allows them to critically examine these conceptions through a set of technology-enhanced activities.  Students' ideas supported by experimental evidence, rather than those written in a textbook or stated by a teacher, become the basis of what is learned.  The curriculum is structured around the following learning cycle:

1.  elicit students' ideas about the physical world,

2.  encourage them to modify or discard their old ideas and/or develop new ones in movement towards accepted scientific understanding,

3.  provide new situations in which to apply their understanding.

During the summer of 2001, diverse things affected SRU faculty that later had impact on the constructivist science courses there.  The Department of Physics and the Department of Chemistry made the transition into being one department as stipulated by university administrators.  A classroom was renovated with grant funds.  The Chairperson and the previously mentioned secondary education professor observed a five-day workshop in which secondary school teachers learned to use the CPU curriculum at Saginaw Valley State University in Michigan.  Additional professional development in the summer of 2001 about the CPU curriculum was conducted by two high school physics teachers for the SRU physics faculty who would begin teaching that curriculum in the fall of 2001.  One professor from the Elementary Education/Early Childhood Department also attended.  Work was begun to modify the CPU student activity pages for use at SRU.  Four of the five faculty preparing to teach CPU in the fall met two days at SRU to discuss topics like criteria contrasting cooperative learning with other types of group work.  This professional development focused on implementation of new styles of teaching rather than on the educational research base supporting constructivist approaches to education.

For PHYS 101 in the fall semester of 2001, seven sections of combined lecture and laboratory were taught by three physics faculty, one secondary education faculty, and one temporary instructor using the CPU curriculum.  All these sections were taught in the newly remodeled technology-based studio classroom.  On Monday afternoons, throughout the fall semester, these faculty met to discuss implementation issues.  Discussions were extended informally to other times as faculty shared their insights and concerns.  Two sections of PHYS 101 continued to be taught by one physics professor using the traditional curriculum during this fall semester.

Eight revised sections and no traditional sections of PHYS 101 are being taught in the spring of 2002.  One chemistry professor has been added to the list of people teaching the CPU curriculum.  In addition, the previously mentioned elementary education professor is team teaching PHYS 101 with financial support from the CETP-PA project.  A biology professor will observe one of the three units being taught during this spring semester.  The weekly meetings were discontinued because there was no time free for all faculty to meet together.  For the two semesters of this academic year, every section was filled to its capacity of 28 students and two sections contained an extra student with the result that 422 students were enrolled in the CPU sections of PHYS 101.  A few dropped the course before completing it.

PHYS 101 traditionally taught in a lecture/laboratory format required 2/3 FTE faculty load per 72 students.  The laboratory rooms used for the traditional curriculum hold a maximum of 24 students.  The studio classroom used for the revised curriculum accommodates up to 28 students requiring 2/3 FTE faculty load per 56 students.  Therefore, support of university administrators is needed to run the research-based course at more expense per student compared to the traditional course.  So far, administrators have taken interest and shown pride in the implementation of CPU at SRU.  This issue of support might become problematic after the grant funding ends.

The goal for this revised SRU course is to promote a deeper understanding of physical science and to increase confidence in science for pre-service elementary school teachers.  Groups of four students work at a computer with nearby space for laboratory activities.  Student workstations are arranged along two sides of the room.  The professor monitors group activity from the open center of the room.  Students report their groups' ideas using white boards during class consensus discussions.  Sometimes, students direct their attention forward for instructor-facilitated demonstrations or discussions.  Topics in the course are waves, sound, magnetism, and current electricity.  The students do not have a textbook.  Their laboratory manual is formed by entering responses into a computer and printing their group’s results during class time.

CPU program evaluation funded by the SSHE grant will include a visit to SRU during the spring of 2002 by a developer of CPU materials and a visit by another developer during the next fall.  Dialogue during these visits may result in refinement of the curriculum as implemented at SRU.  Another purpose will be to appraise the validity of the local assessment data.

AN INTEGRATED SCIENCE CURRICULUM

As part of the CETP-PA project, planning has begun to design a series of two or three integrated science courses that prepare students to teach the content in Pennsylvania's science, technology, and environment standards.  Ten faculty from seven departments have participated in the discussions so far.  They have shared resources and experiences concerning inquiry and problem-based learning.  They have located these types of courses taught elsewhere for elementary education majors and have gotten verbal and written information from the developers of these courses.  This group of faculty prioritized for inclusion in this course standards in the Pennsylvania Academic Standards for Science and Technology [18] and Academic Standards for the Environment and Ecology [19].

The Chairperson of the Department of Chemistry and Physics has voiced concerns about the potential effects of this new course on PHYS 101.  The Chairperson of the Department of Elementary Education/Early Childhood Education has expressed his belief that faculty in his department will never make any particular science course required of their majors.  Besides the two science goal courses taken by education majors to count in the Natural Sciences and Mathematics block, another science goal course is taken by a few to count in the Challenges of the Modern Age block.  The requirement for this block is just one course.  Presently the only science courses approved for this block are one biology and one environmental science course.  It would be possible to make a three-semester integrated science course sequence for elementary education majors that fits into the Liberal Studies requirements by using these two blocks.

Assessment of Learning in Constructivist Courses at SRU

PIPS CURRICULUM

Assessment in the PHYS 103 course was aligned with the principles for assessment stated in the PIPS course manual [17].  Performance assessment measures (which elicit from students the behaviors targeted in curriculum goals) were used more than objective tests (which elicit from students the behavior of choosing the correct response to multiple choice, true-false, and matching questions).  To reduce rewards for memorization and routine skills and to increase rewards for critical thinking and complex problem solving, students had access to books, calculators, and other sources of information during test taking and other assessment activities.  Making diagrams and drawings was encouraged.  Some locus of control rested with the student being assessed.  Some assessment measures that allowed for multiple correct responses or products were used so students did not acquire the misconception that science questions, debates, and controversies always have one right answer.  Assessment drew on the strengths of a range of learning styles.  Evaluation was fair to all groups of students, with no biases due to characteristics like gender or race.  Not all assessment was done on an individual basis; instead some assessment was done for cooperative learning groups of students.  Behaviors assessed were a representative sample of all the goal behaviors because any ability consistently slighted during assessment is regarded as unimportant by students.
PIPS courses have a content goal to help students come to understand and apply conceptual models to explain a wide variety of observable phenomena.  In addition, these courses have a metacognitive goal to help students become more aware of and take more responsibility for their own thinking at the same time they increase their understanding and appreciation of other people's thinking [17].  One PHYS 103 student in 1993 phrased this a bit differently in her portfolio completed at the end of the semester.
I began this class somewhat fearful of the subject of science, but the course followed an easy-to-understand pattern of hands-on experiments....I have gained so much more knowledge by working with a group.  Involving other people's opinions initiates a thinking process that must take into consideration the various ways of perceiving an experiment.  The goal of this class was to gain some knowledge about light, electricity, and heat, but the purpose of this class was to develop a thinking process.  Both have been achieved.  I learned that, by making mistakes in predicting wrong results, I could gain satisfaction by working through the experiment.  Emphasis of finding that initially there are no right or wrong answers promotes a comfort in making those predictions.  In most classes, wrong answers are an embarrassment.  We have been taught to accept wrong answers as part of our learning experience.  Wrong answers lead to the need to discover right answers; thus resulting in the need to follow the steps necessary to obtain that right answer.  More times than not, have my predictions been wrong.  Yet, I never felt stupid.

Journals, group work, examinations, and portfolios were the assessment measures used in PHYS 103.  Homework was assigned and discussed in class, but no record was kept of students’ completion of assignments.  Some students chose to include homework in their portfolios.  By contrast, PHYS 101 has less variety of assessment.  In the traditional version, grades were given on the basis of laboratory reports, homework, and examinations.  Answers to homework were made available to students in the professors’ offices.  In the revised CPU version, the following are being used:  journals, laboratory preparation sheets, homework, and examinations.  Written answers to homework are given to students for use during class time.

"Recent developments suggest that alternative measures of learning, which are rooted in students' authentic experience, evoke meaning-making. ... One form of assessment based on constructivism is student portfolios.  The portfolios are compilations of student work samples over time that are selected by the students themselves" [1, pp. 24-25].  The significant loss in the elimination of portfolio assessment during the move from offering PHYS 103 to offering PHYS 101 as SRU's constructivist physics course is any chance for students to answer questions they have formulated themselves.  The other merits of portfolios as used in PHYS 103 were the high degree to which students could incorporate their own experiences and could reflect on their learning.

CPU CURRICULUM

It is important to align goals with what is taught, how it is taught, and how it is assessed [7].  The National Science Education Standards recommends multiple methods of assessment, such as performances and portfolios.  It cautions against over reliance on conventional paper-and-pencil tests.  It states that all aspects of science achievement should be measured, including ability to inquire, ability to apply knowledge to many events, understanding of the nature of science, and understanding of the utility of science.  Another recommendation in the National Science Education Standards is use of authentic assessment, which requires that students apply scientific knowledge and reasoning to situations similar to those they may encounter outside of the classroom.  "Rather than checking whether students have memorized certain items of information, assessments need to probe for students' understanding, reasoning, and the utilization of knowledge.  Assessment and learning are so closely related that if all the outcomes are not assessed, teachers and students likely will redefine their expectations for learning science only to the outcomes that are assessed" [20, p. 82].  In the New Standards Project, which is developing assessments based on the National Science Education Standards, demonstration of understanding requires two things:  using a concept accurately (to explain observations and make predictions) and representing a concept in multiple ways (through words, diagrams, graphs, or charts) [22].

Examinations are the primary method being used to assess physics knowledge in PHYS 101.  The CPU professional development for SRU faculty did not include anything about authentic or alternative assessment.  Therefore, without common experiences and philosophy, it was difficult to agree on questions best suited to assessing students' knowledge.  Another difficulty was the need to submit part way through a unit questions that would assess the whole unit.  The Chairperson of the Department of Chemistry and Physics shared the submitted questions with all faculty teaching with the CPU curriculum.  Thinking of excellent questions without the experience of hearing students' ideas throughout the whole unit will be a problem that will lessen with time.  However, it will not totally disappear due to new units being incorporated into the course or additional faculty being given assignments to teach it.

Another way to determine what students have learned is to simply ask them.  This was done on the last day of class during fall semester of 2001 with students in two sections of PHYS 101.  Fifty out of the 54 students then enrolled in those sections were in class that day.  (The course had been dropped by two of the 56 students enrolled at the beginning of the semester.)  Each student was asked for the most important thing he or she learned about physics concepts, about himself or herself as a learner, and about working in a group.  A few students picked more that one significant idea learned under a topic, so they are counted more than once in the numbers given below.

When asked about the physics content of the course, nine students listed wave, sound, or music ideas as the most important thing learned.  Sixteen mentioned the concepts of magnetism and magnetic dipoles.  Ten students mentioned the application of physics to the world outside the classroom.  One student wrote the following:  "The most important thing that I learned about physics concepts was that many things in everyday life, that I never gave any thought to, can be explained by physics.  For example, I magnitized [sic] my fiance's knife and asked him why it was now a magnet.  He said that I rubbed the 'stuff' from the magnet on the knife.  I never even thought about magnets and how they work before I took this class.  Now I look at things in the world in a little different way."  One student described distinguishing observations from inferences as the most important thing learned.  Another student wrote that learning to identify controlled, independent, and dependent variables was most important.

When the fifty students wrote about group work, only three produced entries that were more negative than positive.  The following are some representative comments.  "The group worked well together.  Some had better computer skills.  Some had more math background and scientific knowledge.  No one was unwilling to help or listen.  We became friends and developed respect for one another. ... This was the first positive group experience I ever had.  I have come to realize the merit of group work to compliment [sic] the learning process."  "I learned that working in a group is very beneficial because if one group member knows how to so something, they can explain to the other group members in simpler terms than the teacher would."  "We were able to discuss and work out any confusion or discrepancies on our own.  I was able to learn from my classmates."  "We each contributed a lot of ideas & thoughts that others weren't thinking of and that helped us a lot.  It was interesting to see what others had to say."  "Working in a group was frustrating, but in the end the whole was greater that [sic] the sum of its parts."  "I hate group work -- always did always will."

A wide range of responses were made by students when they were asked to discuss gaining understanding about their own selves in the learning process.  Following are some of the things they wrote.  "I learned that I was able to gather my own resources and form my own opinions and ideas about a topic.  I became a better learner as a result of this class."  "The most important thing that I learned about the course and myself as a learner was that, through experimentation, I could figure many concepts out on my own.  I didn't need to be fed the answers."  "I need more concrete information from the professor to double check my work."  "I learned that performing simulations on the computer is not an effective way for me to learn.  I'm sure it works quite well for some people, but I find it difficult to apply the simulations to the real world."  "As a learner, I probably would have done better with a more traditional class.  I'm an older student and most of my classes are lecture and test."  "I had a very hard time learning in this class.  I prefer being given hard facts and concrete answers up front and think I would have learned more if the class were run in this fashion."

Evaluation of Curricula in Constructivist Courses at SRU

Using state and national standards is often recommended as the way to start evaluating curricula. During the fall of 2001, magnetism was the only topic in both the traditional and revised versions of PHYS 101.  Therefore, it will be used as an example.  In the National Science Education Standards, it is stated that all K-4 students should develop an understanding that magnets attract and repel each other and that magnets attract some other kinds of materials.  Nothing is listed about magnets in the grades 5-8 standards.  The standards for grades 9-12 say all students should learn that moving electric charges produce magnetic forces and that moving magnets produce electric forces [20].  The Pennsylvania Academic Standards for Science and Technology mentions magnetism only once.  Standard 3.4.10 C states that, at grade 10, all students should be able to identify electricity and magnetism as two aspects of a single electromagnetic force [18].

The traditional version of PHYS 101 included the connection between electricity and magnetism, but the revised version does not.  The final laboratory (No. 13) in the traditional manual instructs students to use a compass to investigate the magnetic field around a wire in a battery and bulb circuit.  Students are told also to move a magnet inside a coil of wire connected to a galvanometer in order to detect the electric current produced [21].  Lectures added more detail to understandings developed from these hands-on activities.  The role of electron spin in magnetic effects was described in words and diagrams.

Some faculty think content described in the K-12 standards does not belong in university courses.  However, faculty see much evidence that students do not enter SRU knowing all the content described in these standards.  No one yet has a plan for having students who will later be expected to teach that content learn it while enrolled in the university.  Due to limited classroom time, not all topics in the state and national standards can be included in current courses taken by elementary education majors.  Therefore, an argument can be made that it does not matter that this electromagnetic force generalization is omitted from the CPU course.  Besides that, some faculty and administrators at SRU have voiced their opinion that students preparing to teach elementary school do not need to know content so advanced that it is included in the secondary school standards.

In a constructivist course, it is not enough to assess only how much content students have learned as compared to standards.  Students should gain understanding of how scientists have constructed the concepts and generalizations that other people have put into state and national standards.  Besides that, students preparing to teach should develop scientific ways of making observations and inferences in order to be able to facilitate the same development with their students in the future.

The claim could be made that the professors teaching the traditional version of PHYS 101 did not model inquiry as described by the National Science Education Standards, and, therefore, adoption of the CPU curriculum has a huge potential to influence more favorably the practice of future teachers.  Results from a the questionnaire being used at SRU to probe student attitudes, beliefs, and assumptions about physics show that this argument is simplistic.  Students in PHYS 101 were given this questionnaire on the first and last days of course during the summer and fall of 2001.  The students responded to ten questions on a scale from one for "strongly disagree" to five for "strongly agree."  Mean scores were used by the Chemistry and Physics Department to determine if the course changed students' attitudes and beliefs as desired by the faculty.

Responses of students in the traditional version of PHYS 101 showed desirable change for the following five statements:

#3  "To learn science it is important for me to discuss my ideas with my classmates and to listen to their ideas."

#4  "I become very nervous when I am asked to perform a science experiment."

#7  "The most important thing I need to do to learn science is to listen carefully to the instructor and to take good notes."

#8  "The ideas I learn in a physics class have very little to do with what I experience in the real world."

#10  "When I think about science, I try to relate what I am learning to my everyday experiences."

Responses of students in the revised course using the CPU curriculum showed desirable change only for statements #4 and #7.

Neither version of PHYS 101 changed responses to the following:
#9  "The main source of knowledge in the science classroom is the instructor."

The traditional version also did not make change in responses to these statements:

#2  "The most valuable parts of a science course for my learning are the lectures and the text."

#5  "The main skill I will get out of taking a physics course is to learn how to reason logically about the physical world."

In the revised course, no change occurred not only for statement #9, but also for statement #1 given below and the statements #3 and #10 given above.

Undesirable change in the traditional version occurred only in responses of students to the following statement:
#1  "Generally I have a reasonably easy time understanding science."

#6  "I believe I will really enjoy teaching physics to my future students."

Using the CPU curriculum resulted in undesirable change to statements #2, #5, #6, and #8 given above.  These amount to 40% of the statements about the revised version of PHYS 101, which is twice as many undesirable results as were obtained about the traditional version.

The CPU units are fit into a learning cycle with an elicitation phase, a development phase, and an application phase.  Since a unit takes at least two weeks to complete, students at SRU get through at most seven of these cycles.  During the first cycle, students often express concern about when they will get closure on ideas being discussed.  Some improvement in adjusting to these cycles is seen later in the semester.  More shorter cycles would be of benefit to students in meeting their needs for closure and in acquainting them with learning cycles.  Concentrating the applications at the end of the cycle does not allow most students enough time to master the needed modes of thinking before they take the unit exam.

The structure of the activities in the CPU curriculum is more complex than in the PIPS curriculum.  PIPS activities share a four-step structure with which students become comfortable.  At times in PHYS 103, they even suggested worthwhile variations for data collection in the third step of this structure.  The directions encouraged this behavior by not specifying quantities for the independent variable when asking for the dependent variable to be measured.  Sometimes the directions did not even give any procedures to use in measuring.  CPU activities vary widely in their structure, so much so that sometimes the intent of the activity is obscure to the students.  Reading the activity directions on a computer screen also seems to focus students' attention on the parts more than on the whole.  Some CPU directions are so specific that they hinder students' construction of knowledge.  For example, students are told how far apart to stand when stretching springs, rather than being told to control the variable of distance or being given an opportunity to consider what variables should be controlled.  More frequently than in the PIPS course, students in the CPU course simply follow directions rather than tailoring them to meet individual needs for understanding.

The PIPS project generally met the goal of using inexpensive, readily available equipment and supplies, which was stated in its proposal for grant funding.  The rationale for this goal was to decrease students' anxiety about learning science and to increase their confidence in their ability to teach elementary school science in the future.  The dependence on computers and other sophisticated equipment in the CPU project may inadvertently have the opposite effect for some students.  Also, some students may be inclined later to use the excuse that they can not teach science at all in their classrooms due to them being ill equipped.

Technology is meant to enhance learning, but occasionally it impedes learning.  Reliance on computer simulations in CPU decreases the time students spend analyzing data with experimental error.  This is particularly disturbing given the fact that the curriculum is designed for pre-service and in-service teachers.  Due to the large amount of experimental error usually associated with data collected in K-12 classrooms, preparation of teachers for those classrooms should include much practice dealing with experimental error in a statistically sound manner.  One example is the treatment of linear data.

In PHYS 103, students were asked for their initial ideas about how to fit a line to data points on a graph.  The most often described methods were go though all the points in a zigzag pattern, go through as many points as possible with a line, go through the first and last points with a line, and leave the same number of points above and below a line.  Throughout the course, students learned to look at the vertical distances from data points to the line that represent experimental error and then to balance the amount of error above and below the line.  By consistently sharing the data produced by all the groups (usually six) in the classroom, PIPS students frequently had enough data to make best-fit lines without excessive time spent measuring.

In the traditional version of PHYS 101, the manual given to students tells them, "If all the points do not touch the line, attempt to average the points that miss so that the points above the line equal the points below the line." [21, Laboratory No. 4, p. 2]  This statement is ambiguous and thus may reinforce a common student initial idea that does not produce a best-fit line according to standard statistical methods.

In the CPU materials, students collect data using physical objects and sometimes using computer probes.  However, almost never does each group collect enough data to get a best-fit line, and there are no provisions for sharing data among groups.  After a bit of actual data collection, students use to the CPU simulation to generate data.  Because the simulator data exactly fits a line, no techniques for dealing with experimental error are needed or discussed.

Conclusions about changing curricula

PHYS 103 is more constructivist than PHYS 101, even in its revised version.  Using the 12 criteria for constructivist teachers published by the Association for Supervision and Curriculum Development [23], PHYS 103 meets more completely the following:  encourage and accept student autonomy and initiative; use raw data along with manipulative, interactive and physical materials; allow student responses to drive lessons and shift instructional strategies; and encourage student inquiry by asking thoughtful, open-ended questions.  Both courses meet the other eight criteria at equally high levels.  The traditional version of PHYS 101 meets the 12 criteria to a lesser extent because it was not designed to elicit students’ prior knowledge or engage them in a learning cycle.

The main advantage of revising PHYS 101 has been the large increase in the number of students enrolled in a constructivist physics course, which is dependent on the number of faculty teaching it.  The main disadvantage has been the reduction of the amount of physics content compared to what is included in national and state standards.  The development of an integrated science course sequence at SRU may provide an opportunity for students to have both content breadth and constructivist classroom activities.  Another disadvantage of revising PHYS 101 has been the decrease in desirable effects and the increase in undesirable effects on students' attitudes and beliefs about science education.  As faculty teach with the CPU curriculum repeatedly, a more favorable result may occur in this regard.  Another development that may improve the situation is students' experiencing constructivist teaching more often in the other courses they take.

Difficult choices have had to be made at SRU to meet the goal of increasing the number of students learning physics in a constructivist environment.  Each step along the path of change toward more meaningful learning or toward more constructivist teaching simultaneously produces gains and losses.  Just as a student's history affects what physics understanding he or she is willing and able to construct, so also does a faculty member's history affect the curriculum reform he or she is willing and able to undertake.  Mental constructions of constructivism are based on an individual’s prior experiences, are sometimes modified through exposure to other people’s beliefs, are seldom changed unless discrepant events cause disequilibrium, and never reach the level of absolute truth.  These same points can be made about mental constructions of physical phenomena.

Acknowledgments

The Powerful Ideas In Physical Science (PIPS) project was supported by the National Science Foundation (NSF) grant DUE-9496330.  The CPU Project was funded in part by the NSF grant ESI-9454341.  The Collaborative for Excellence in Teacher Preparation in Pennsylvania (CETP-PA) is supported by the NSF grant DUE-9986753.  A Pennsylvania State System of Higher Education (SSHE) Program Initiative grant funds the project at Slippery Rock University (SRU) titled "Teaching Science using Research-Based Pedagogy in a Conceptual Physics Course for Pre-Service Elementary Education Majors."

Biography

Patsy Ann Johnson is a Co-PI and the Western Coordinator for CETP-PA, and she is a SRU Co-Team Leader for that project.  In addition, she is the Director of the SRU Center for Mathematics, Science, and Technology Education.  She was a member of the PIPS Development Group and its assessment subcommittee.  She was a workshop leader or an external evaluator for Operation Physics programs at several universities across the nation.  Dr. Johnson teaches physics and secondary education courses at SRU.

References

[1]
Walker, D., & Lambert, L.  (1995).  Learning and leading theory: A century in the making.  In L Lambert, D. Walker, D. P. Zimmerman, J. E. Cooper, M. D. Lambert, M. E. Gardner, & P. J. Ford Slack, The constructivist leader (pp. 1-27).  New York, NY: Teachers College Press, Columbia University.

[2]
Danielson, C.  (1996).  Enhancing professional practice:  A framework for teaching.  Alexandria, VA: Association for Supervision and Curriculum Development.

[3]
von Glasersfeld, E.  (1988).  The reluctance to change a way of thinking.  The Irish Journal of Psychology, 9(1), 83-90.

[4]
Johnson, D. W., & Johnson, R. T.  (1994).  Learning together and alone: Cooperative, competitive, and individualistic learning (4th ed.).  Boston, MA: Allyn and Bacon.

[5]
Linn, M. C., & Burbules, N. C.  (1993).  Construction of knowledge and group learning.  In K. Tobin (Ed.), The practice of constructivism in science education (pp. 91-119).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[6]
von Glasersfeld, E.  (1993).  Questions and answers about radical constructivism.  In K. Tobin (Ed.), The practice of constructivism in science education (pp. 23-38).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[7]
Bransford, J. D., Brown, A. L., Cocking, R. R., Donovan, M. S., & Pellegrino, J. W. (Eds.).  (2000).  How people learn: Brain, mind, experience, and school.  Washington, DC:  National Academy Press.

[8]
Driver, R.  (1995).  Constructivist approaches in science teaching.  In L. P. Steffe & J. Gale (Eds.), Constructivism in education (pp. 385-400).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[9]
Driver, R., Asoko, H., Leach, J., Mortimer, E., & Scott, P.  (1994).  Constructing scientific knowledge in the classroom.  Educational Researcher, 23(7), 5-12.

[10]
Duit, R.  (1995).  The constructivist view: A Fashionable and fruitful paradigm for science education research and practice.  In L. P. Steffe & J. Gale (Eds.), Constructivism in education (pp. 271-285).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[11]
Duit, R., & Confrey, J.  (1996).  Reorganizing the curriculum and teaching to improve learning in science and mathematics.  In D. F. Treagust, R. Duit, & B. J. Fraser (Eds.), Improving teaching and learning in science and mathematics (pp. 79-93).  New York, NY: Teachers College Press, Columbia University.

[12]
Fosnot, C. T.  (1996).  Constructivism: A psychological theory of learning.  In C. T. Fosnot (Ed.), Constructivism: Theory, perspectives, and practice (pp. 8-33).  New York, NY: Teachers College Press, Columbia University.

[13]
Hewson, P. W.  (1996).  Teaching for conceptual change.  In D. F. Treagust, R. Duit, & B. J. Fraser (Eds.), Improving teaching and learning in science and mathematics (pp. 131-140).  New York, NY: Teachers College Press, Columbia University.

[14]
Roth, W. M.  (1993).  Construction sites: Science labs and classrooms.  In K. Tobin (Ed.), The practice of constructivism in science education (pp. 145-170).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[15]
Tobin, K., & Tippins. D.  (1993).  Constructivism as a referent for teaching and learning.  In K. Tobin (Ed.), The practice of constructivism in science education (pp. 3-21).  Hillsdale, NJ: Lawrence Erlbaum Associates.

[16]
von Glasersfeld, E.  (1995).  Radical constructivism: A way of knowing and learning.  London: Falmer Press.

[17]
American Association of Physics Teachers.  (1996).  Powerful ideas in physical science (2nd ed.).  College Park, MD: Author.

[18]
Pennsylvania Department of Education.  (2002).  Academic standards for science and technology.  Harrisburg, PA: Author.

[19]
Pennsylvania Department of Education.  (2002).  Academic standards for environment and ecology.  Harrisburg, PA: Author.

[20]
National Research Council.  (1996).  National science education standards.  Washington, DC:  National Academy Press.

[21]
Department of Physics, Slippery Rock University.  (2001).  Concepts of Science I Laboratory manual.  Slippery Rock, PA: Author.

[22]
National Research Council.  (2000).  Inquiry and the National Science Education Standards.  Washington, DC:  National Academy Press.

[23]
Brooks, J. G., & Brooks, M. G.  (1999).  In search of understanding: The case for constructivist classrooms.  Alexandria, VA: Association for Supervision and Curriculum Development.

