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The Illinois Physics Department currently has in excess of

110 majors enrolled in four sequences: physics, physics teacher

education, computer physics, and engineering physics. The

overall undergraduate physics degree program is one of the largest

such programs in the nation among departments offering only

Bachelor degrees. Since 1994, the Physics Teacher Education

(PTE) sequence has grown from a tiny fraction of all majors

within the department to approximately 25% today. At that time

there was one 4-semester-hour physics methods course, one 1-

semester-hour lab course designed specifically for physics teacher

candidates, and four PTE majors. Now, in the autumn of 2003,

there are six

required undergraduate physics methods courses totaling 12

semester hours, and nearly 30 officially-declared physics teacher

education majors. The dramatic rise in the number of PTE majors

followed the creation of an improved undergraduate physics

teacher preparation program, along with a very significant

presence on the World Wide Web (see www.phy.ilstu.edu/

pte.html). Program changes starting in 1994 with a new

coordinator were predicated on the belief that if a model PTE

program could be established and made visible using the

resources of the World Wide Web, then students would come

into the sequence in larger numbers. This belief has been

vindicated by a 600% growth in the number of PTE majors over

the past decade, and the prospects for future growth are

significant if the increasing number of program applicants is

any indication. Physics teaching minors are also enrolling in the

program in increasing numbers, and some of these teacher

candidates have chosen to become physics education majors.

During the past two academic years, eight PTE majors and three

PTE minors graduated from Illinois State University with physics

teacher certification. This is significant in light of the fact that

there are a total of 21 other institutions in Illinois offering PTE

degrees with a historical combined graduation rate in the range

of 5-8 majors per year. On a longer-term basis, ISU now graduates

nearly 50% of all PTE majors in Illinois, and this percentage is

growing.

The recent phenomenal changes in and growth of the PTE

program at Illinois State University have resulted from an ideal

set of conditions that have been nurtured within the ISU Physics

Department over the past nine years. Reflection on the program

revision process has led to the formulation of five “change

principles” that might be used by other institutions attempting to

enhance their own departmentalized PTE sequences, and increase

their number of program majors. Program coordinators,

departmental chairpersons, university faculty, administrative/

professional staff, and project leaders involved with making

significant changes in physics teacher preparation might do well

to cultivate similar conditions within their own departments prior

to attempting significant changes. These conditions should be

nurtured if there is to be a reasonable hope of seeing maximum

sustained progress in making program revisions and, ostensibly,

increasing enrollments in physics teacher education programs.

When properly nurtured, these conditions should help to make

possible the sometime significant reforms required to create

appealing programs of study for prospective students. Attempting

to make significant changes without first taking into account the

prevailing culture within a physics department can lead to

significant resistance. Four of the identified change principles

relate to the physics teacher education program coordinator, and

a fifth is associated with departmental faculty. The change

principles are enunciated as follows:

Change Principle 1: If there is going to be significant,

desirable, and lasting change in a departmentalized physics

teacher education program, then an academic leader is needed

who is personally committed to improving the teacher preparation

process.

A highly motivated, dedicated, and self-directed individual

(or a team of such individuals) is needed to establish and manage

a successful teacher education program. This includes the desire

to give high priority to implementation of national, state, and

local standards for teacher preparation, and dealing effectively

with program accreditation processes. Teacher preparation

accreditation at almost all levels today is based upon standards-

derived outcomes and performance-based assessments. No longer

is the focus on what courses and activities go into a teacher
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education program; the emphasis is on what students know and

are able to do, and how these outcomes have been demonstrated

and assessed using both formative and summative assessments.

Because of this changing approach to teacher certification and

program accreditation, and the difficulty of integrating these into

one or two existing pedagogical courses, standards should come

first. Several sets of national science standards have been

developed that are research based and grounded on the

experiences of tens of thousands of teachers among all major

science disciplines1,2,3. Programs of study need to be aligned with

and follow from these standards if the standards are to be

comprehensively adopted and systematically implemented. This

generally will require addition of new courses, clinical

experiences, and performance assessments for teacher candidates.

Ideally, standards will serve as the basis for planning and

implementation of teacher education programs. The process of

merely plugging selected standards into existing physics teacher

education methods courses would best be avoided. Teacher

educators should be willing to embrace the combined wisdom of

the educational community as represented in science teaching

and learning standards. Given the depth and breadth of the

national, state, and professional standards, the day is gone when

a single physics methods course can be said to successfully

address the needs of teacher candidates. The improvement process

must also include internal and external reviews and formative

and summative assessments that are conducted periodically and

objectively using clear and public criteria. Service learning

projects, effective clinical experiences, and suitable student

teaching experiences are also necessary. A faculty member, or

even a group of faculty, without a clear vision for creating a

standards-aligned physics teacher education program is unlikely

to do so efficiently and effectively. Even with clearly defined

goals, a program without proactive and creative leadership is

unlikely to achieve the desired outcome. Leaders must clearly

enunciate goals, design courses, marshal resources, model the

appropriate form of teaching, align assessments, negotiate

agreements, and do the required groundwork to get a very

complex set of tasks accomplished in a timely fashion. If physics

teacher education programs are to attract, retain, and graduate a

growing number of high school physics teacher candidates, then

such programs must be headed by one or more dedicated

individuals who exhibit a passion for this complex task.

Change Principle 2: If there is going to be significant,

desirable, and lasting change in a departmentalized physics

teacher education program, then an academic leader is needed

who deeply understands the teacher preparation process.

This change principle implies that physics teacher educators

must known more than content knowledge if they are to do a

good job of educating teacher candidates. Much more needs to

be known about professional practice and how it is to be

developed within physics teacher candidates. This includes

findings from diverse areas such as physics education research,

general science education research, and educational psychology

research. The one thing that really counts in a teacher education

program is whether or not the program graduates teacher

candidates who will do what is expected of them upon graduation

– use the best practices in the education of their own students.

This can only be reasonably assured through a philosophically

based, outcome-oriented education that uses authentic

performance-based assessments to evaluate teacher candidates.

What teacher educators need to know and be able to do

should be grounded in what teacher candidates need to know

and be able to do. This consists of more than just content

knowledge. National goals and standards have strongly converged

in recent years on what it is that future teachers of science must

both know and be able to do. Therefore, a common knowledge

base has been established at ISU for the prospective physics

teacher that is grounded in a wide range of science and teacher

education standards. Consider the following factors that probably

will make up any exemplary teacher education program: physics

content knowledge (including a deep conceptual understanding),

procedural knowledge including problem-solving skills,

curricular knowledge, pedagogical knowledge, understanding

what it means to be scientifically literate, understanding students,

metacognition and student self-regulation, classroom

management skills, communication skills, understanding of the

relationship between teaching and learning, scientific and

philosophical dispositions, social and technological context,

learning environment, engaged learning, student assessment, self-

assessment and reflective practice, critical thinking skills,

technology of teaching, and professional responsibilities of

teachers. Any one of these areas can be expanded dramatically,

showing the broad nature of the knowledge needed by teacher

educators. For instance, consider pedagogical knowledge and the

many things that a teacher of teachers should know just in relation

to this single topic. The teacher educator must help prospective

teachers understand what constitutes effective teaching, and be

able to distinguish true teaching practices from instructing,

informing, and training. The teacher educator should have a

demonstrable understanding of inquiry practices, cooperative

learning, problem-based learning, modeling method of

instruction, constructivism and concept change, learning cycles,

metacognition, and student self-regulation. These are not things

that the didactic university physics teacher will have in his or

her teaching toolbox. Only years of self-directed professional

development and reflection will lead a teacher educator to develop

a good understanding of all these factors. In addition, learning

how to teach these elements of the teacher knowledge base might

require years of trial and error.

The Association for the Education of Teachers in Science

(AETS) has created a set of professional development standards

against which a teacher educator can self-assess 4. These standards

describe the major elements of knowledge at teacher education

should possess and the types of activities that a science teacher

educator should engage in if he or she is to be qualified to educator

science teacher candidates: (1) knowledge of science, (2)

knowledge of science pedagogy, (3) knowledge of curriculum,

instruction, and assessment, (4) knowledge of learning and
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cognition, (5) research/scholarly activity, and (6) professional

development activities. This set of activities suggests a second

consideration, one related to the availability of time to complete

the wide array of tasks required by a program administrator of a

teacher education program.

Change Principle 3: If there is going to be significant,

desirable, and lasting change in a departmentalized physics

teacher education program, then an academic leader is needed

with adequate “release time” for the process of properly

educating teacher candidates, for incorporating external

standards, and for participating in and providing professional

development activities.

Consider the following additional aspects of program

management that require significant contributions of time and

energy if a exemplary physics teacher education program is to

be developed: (1) completing accreditation processes; (2) creation

and monitoring of clinical experiences; (3) supervision of student

teaching; (4) creation of service learning projects; (5) assessing

and documenting student competencies; (6) meeting with faculty

colleagues to coordinate course offerings; (7) preparing and

teaching model lessons; (8) maintaining contacts with area high

school physics teachers; (9) teaching courses; (10) working with

peers in science disciplines and the college of education; (11)

offering professional development opportunities for cooperating

teachers from area high schools (that is also important to helping

develop a cadre of high school teachers willing to send

prospective teacher candidates to institutions of higher learning);

and (12) creation and redevelopment of a model physics teacher

education program. Creating an exemplary and highly attractive

PTE program is an ongoing process; and there are only a few

models in development upon which work can be based5. For

instance, the methods courses at Illinois State University have

been taught and revised annually (sometimes very significantly)

as a result of learning from “action research” and comments of

students, cooperating teachers, inservice teachers, administrators,

external evaluators, and accrediting agencies. The list of required

work of the PTE program administrator goes on and on, but rarely

does the tenure process take into consideration all of the time-

consuming activities. Departments really need to provide time

and credit (especially in the tenure process) to those faculty

members who would become the teachers of teachers. Too often

the tenure-granting process does not give adequate credit for this

form of service; tenure decisions are often reached on the basis

of scientific research and publications dealing with “hard”

science, neither of which need be completed by a program

coordinator intent on establishing an effective teacher education

program. Creating a credible physics teacher education program

takes a tremendous amount of time and energy, and unless

appropriate credit is given for activities that necessarily must go

with it, program coordinators might be reticent to spend time

where it is most needed.

National science teaching and teacher preparation standards

are a helpful guide to preparing an exceptional teacher education

program. They provide a holistic view of teacher preparation,

some elements of which can easily be overlooked by teacher

educators who so often work in isolation, and some times don’t

have adequate experiences in the high school classroom.

Embracing the recommendations of science teaching and teacher

preparation guideline can provide not only criteria for assessing

the quality of a teacher preparation program, but can also provide

a logical basis for supporting programmatic revisions. This is

especially so when the program is accredited by external agencies

such as the National Science Teachers Association (NSTA) in

cooperation with the National Council for the Accreditation of

Teacher Education (NCATE) and the state board of education.

While basic physics knowledge is central to the education of

future physics teachers, according to the national science teaching

and teacher preparation guidelines the nature of science, the

context of science, and the social milieu of science also need to

be part and parcel of a physics teacher candidate’s education.

Future physics teachers must embrace healthy scientific attitudes

— objectivity, intellectual honesty, skepticism, and curiosity –

among many other such things as ethical conduct. Teacher

educators must develop and pass on to their students appropriate

scientific attitudes. Attitudes give rise to thoughts, decisions, and

actions. What teachers do as they present their lessons is rooted

deeply in their attitudes about issues that concern them, their

students, and society — balancing declarative knowledge with

procedural knowledge, balancing expository teaching with

inquiry learning, balancing depth of coverage with breadth of

content, emphasizing learning over teaching, and knowing what

values and knowledge are worth learning in light of national and

state standards, and the needs of the student, the profession, and

society. Teacher candidates must understand the basic

assumptions and procedures of science. Not only should teacher

candidate possess certain types of knowledge and attitudes, they

must be able to demonstrate that they can use the information in

a meaningful fashion. Science teaching and teacher preparation

standards help programs to include goals and content that might

otherwise be overlooked by a teacher educator working in

isolation.

Standards-based teacher preparation might require that

students demonstrate and/or articulate their knowledge, skills,

and dispositions as they relate to state and national standards for

science teaching, and a university’s conceptual framework for

teacher preparation. To this end, authentic performance-based

assessments will be employed to ensure adequate preparation.

In any physics teacher education program, performance-based

assessment must be seen as a systematic approach of information

gathering designed to assess both the knowledge and skills

students demonstrate in creating the evidence of what they know

and are able to do. Not only does a teacher candidate demonstrate

the use of skill or knowledge to perform certain tasks, (s)he

demonstrates the ability to perform tasks commonly encountered

in authentic teaching situations. While traditional paper and pencil

tests might answer the question, “Does the teacher candidate

know how to do it?”, performance-based assessment answers

the questions, “Can the teacher candidate actually do it?” and
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“How well does (s)he do it?” Authentic performance-based

assessment will use authentic performance tasks that are directly

related to the outcomes of teacher preparation.

Change Principle 4: If there is going to be significant, desirable,

and lasting change in a departmentalized physics teacher

education program, then an academic leader is needed who is

dedicated to and capable of quality teaching and effectively

models it.

Ideally, well-prepared high school physics teacher candidates

will be philosophically oriented toward deploying and

experienced in using the best practices of teaching identified by

educational psychology and science education research. The list

of best practices is extensive, and generally agreed upon. A

sampling of the most fundamental best practices is provided (see

Table 1). Most university-level methods of teaching of physics

majors are not appropriate models of instruction for high school

teaching because (as Linda Darling-Hammond and many others

have repeatedly pointed out) teachers tend to teach students in

the same way they were taught. Teacher candidates need to have

the experience of being active learners. Emphasis on teaching

must be placed on how to think, not merely what to think. To this

end future physics teachers must be seen as guides to knowledge,

and not merely as purveyors of knowledge. Rarely is a wide array

of such approaches used in traditional university teaching in

introductory courses for physics majors. (Fortunately, this is

beginning to change6.) Indeed, special courses in introductory

physics for teacher education candidates that incorporate best

practices would be the ideal according to Lillian McDermott7.

This reorientation in teaching, from teacher-centered and didactic

to student-centered and inquiry, requires a fundamental change

of teaching philosophy and, indeed, in the very goals of teaching

physics. Ideally, the teacher educator will have taught in an

exemplary fashion for several years in a secondary-level setting

before becoming a high school physics teacher educator.

Alternatively, the physics teacher educator will have been

continually engaged in professional development that will have

resulted in university-level teaching strategies that are less

didactic and more closely aligned will the sort of inquiry-based

teaching called for in the previously cited national standards for

teacher preparation.

Preparing teacher candidates to teach requires more than

imparting content knowledge; it must also include a substantial

amount of pedagogical and curricular knowledge. Successful

teacher preparation does not consist of merely teaching a series

of steps to be followed. Rather, teacher candidates must be

educated to act on ethical principles that have been inculcated in

them through several years of consistent, systematic, and

comprehensive education. This requires the teacher educator to

have a reasoned and consistent teaching philosophy, and a deep

understanding of the teacher education process. Teaching

philosophies need to embrace two fundamental beliefs: that

prospective teachers must be prepared with a certain minimum

of declarative and procedural knowledge, and that prospective

teachers must possess dispositions that will allow them to think

and operate in such as way as to be able to deal effectively with

the changes of an uncertain future.

A faculty member who is strongly oriented toward research

(applied, theoretical, and even educational) might not be the best

person for the job of teacher educator, unless this faculty member

has a nontraditional teaching style at the university level. Good

high school teaching is usually quite different from university

teaching. If done well, teacher candidate education, as well as

high school teaching, will be inquiry oriented, and will help

students construct knowledge and understanding through direct

experience. Both will avoid “teaching by telling” that has been

aptly described as “ineffective”8. Teacher candidate preparation

will focus on content knowledge, intellectual process skills, and

scientific dispositions so important to a scientifically literate

Table 1. Some of the best practices of science teaching identified

by education researchers.

Some of the Best Practices of Science Teaching

• Engaging students in active learning

• Using a constructivist approach

• Setting high expectations

• Providing and receiving feedback

• Accommodating student learning styles

• Teaching in a way that is consistent with student

development

• Including real-world applications in the learning

process

• Using individual and group motivation

• Making use of metacognition and self regulation

• Moving from concrete to abstract

• Requiring practice of learned skills

• Making use of multiple intelligences

• Establishing conducive learning environments

• Employing cooperative learning

• Encouraging student evaluation of alternative

hypotheses

• Addressing conceptual goals and means

• Addressing misconceptions and concept change

• Promoting critical thinking

• Focusing on depth in addition to breadth of coverage

• Placing strong emphasis on interaction with

phenomena

• Making clear and explicit linkage of representations to

phenomena

• Using multiple representations of physical phenomena

• Assigning manageable tasks (zone of proximal

development)

• Socratic questioning
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populace. It will elicit and deal effectively with student

preconceptions and misconceptions. It will help students to

identify real-world problems, develop hypotheses, devise and

conduct experiments, communicate effectively, use technology,

work on cooperative teams, and make connections with real-

world phenomena. University-level teacher candidate preparation

will foreshadow a corresponding form of secondary-level, so it

is important to teach teacher candidates in they same way that

they will be expected to teach in the secondary school system.

Teacher educators must realize that teacher candidates will

best learn how to teach by participating student-centered activities

that model appropriate teaching and learning strategies. To this

end, students will have the opportunity to frequently encounter

over the course of several years of pedagogical preparation model

high school physics lessons. In addition, a teacher educator’s

philosophy might address the fact that students learn best when

they have a chance to construct their own knowledge, correct

errors, and remediate deficiencies. Each time teachers present a

lesson, he or she probably learns something about the educational

process – how things can be improved the next time the lesson is

presented. Those faculty who make a habit of reflecting on

professional practice and taking the time necessary to change

instructional delivery for the better will ultimately become the

best teacher educators. The best teacher education faculty consists

of individuals who model effective instructional practice and

practice what they preach.

Change Principle 5: If there is going to be significant,

desirable, and lasting change in a departmentalized physics

teacher education program, then a departmental faculty is needed

that understands the procedures and worth of the physics teacher

education, and supports the efforts of the physics teacher

education academic leader.

Most physics departments cannot long survive without

undergraduate students. Departmental faculty must understand

that undergraduates often come from high schools where the

physics teachers are well educated, highly capable, and

inspirational. This requires that even outstanding undergraduates

be encouraged to go down the path of becoming high school

physics teachers. Predatory practices by faculty who feel that

physics teacher candidates are “too good” to “just become high

school teachers” must be discouraged. Faculty members who act

on the belief that the best students should go on only to graduate

school and avoid the teacher education process are placing

themselves in the unenviable position of eating their own seed

corn.

Common sense suggests that students learn most when they

have excellent teachers. Effective teachers possess a good

understanding of the subject matter as well as the best methods

for how best to teach it.9 The need for having PTE major gain a

good understanding of physics cannot be denied in the process

of becoming a highly-qualified physics teacher. Nonetheless,

advanced electricity and magnetism, quantum mechanics, solid

state physics and similar advanced courses, while helpful in

developing a holistic understanding of physics, are not necessarily

prerequisites for teaching high school physics. The basics of

physics, well understood from a conceptual viewpoint, is

considerably more important. A sympathetic departmental faculty

is required to accommodate this belief. Accommodation will take

the form of relaxing requirements for advanced physics courses

and provide more time in the teacher candidate’s curriculum for

conceptually and pedagogically-oriented courses.

Physics Teacher Education at Illinois State University

The PTE program at Illinois State University prepares

students to teach physics and at least one other subject at the

secondary school level. This program provides a thorough study

of representative fields of physics, plus background in astronomy,

chemistry, and mathematics. The required program of study

integrates a minimum physics and chemistry concentration of

48 semester hours (s.h.) with a professional education sequence

of 22 s.h., and the University’s general education requirement of

45 s.h. All physics teacher education majors are currently required

by state certification law to complete requirements for a second

area of endorsement – usually chemistry. All students are advised

to take courses adequate to ensure broad-field preparation in

science. To this end they are encouraged to take two-course

introductory sequence in biology for majors. Using the broad-

field route to certification, students earn 56 s.h. in science; using

the chemistry endorsement route, students earn 53 s.h. in science.

A total of 115 clock hours of pre-student-teaching clinical

experiences are associated with required professional studies and

physics pedagogy courses for physics teacher education majors.

Physics teacher education majors must complete 8 s.h. of student

teaching in their content area.

Included among the required physics courses, PTE majors

complete six pedagogically-oriented physics courses totaling 12

semester hours. Starting in the autumn of their sophomore year,

students will take a 1-s.h. course Physics 209 – Introduction to

Physics Teaching. This seminar course is based on a 25-clock-

hour service learning project with an area high school physics

teacher that allows candidates to see the practical problems of

the physics teaching profession at the secondary level. This course

helps students to determine if they truly want to become high

school physics teachers. Students committing to the teacher

preparation process then complete Physics 302 – Computer

Applications in High School Physics (1-s.h. lab course) – during

the autumn of their junior year. This course introduces students

to computer-based science education hardware and software using

a variety of inquiry-oriented laboratory activities. During the

spring semester of their junior year, PTE majors take Physics

310 – Readings for Teaching High School Physics (3 s.h.). The

focus of this course is on reading and discussing a variety of

national and state science education standards, and reviewing

the major findings of science education research. During the

autumn of their senior year, PTE majors complete Physics 311 –

Teaching High School Physics (3 s.h.). This course introduces

many of the practical methods used in physics teaching, and gives
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students firsthand experience using a variety of pedagogical

techniques including the Modeling Method of Instruction,

problem-based learning, and lesson study (during which they

develop and present to high school level students a model three-

day inquiry lesson). Student teaching is restricted to the spring

semester of the senior year. Before students begin to student teach,

they complete a five-week, 3-s.h. course Physics 312 – Physics

Teaching from the Historical Perspective. In this highly

compressed course teacher candidates conduct experiment after

experiment following student performance objectives and using

inquiry approaches while also receiving an overview of the

history of physics. During this time, and continuing throughout

the student teaching practicum, candidates also take Physics 353

– Seminar in Student Teaching (1 s.h.). In this course students

complete transitional clinical experiences that prepare them for

student teaching, including a 15-clock our Social Context Project.

In addition, students develop a professional teaching portfolio

that documents with hard evidence the ability of teacher

candidates to teach within the framework of both the National

Science Education Standards and the University’s conceptual

framework Realizing the Democratic Ideal. Extensive details

about all these courses can be obtained by reviewing their online

syllabi at the following URL: http://www.phy.ilstu.edu/pte.html.

Over the past decade the tremendous changes that have

occurred within the ISU Physics Teacher Education program have

been based and were dependent upon the five change principles

enunciated in this article. The first four change principles were,

in large part, the natural consequences of the administration’s

creation of a full-time teacher education coordinator position,

the selection of the appropriate person to fill that position, and a

fundamental orientation toward supporting significant changes

in the teacher preparation process. Following the vision statement

of the coordinator of “build it and they shall come,” the

administration was very supportive of change process throughout

the entire reform period. The coordinator shared his vision

statement with the department’s physics faculty during a summer

retreat, and convinced them of the need for change. This was

instrumental in getting curricular changes in the PTE sequence,

and in getting proposals through the departmental curriculum

committee. Physics teaching program coordinators who would

like to see similar changes in their own departmentalized physics

teaching program would benefit measurably from reflecting

carefully on the principles noted in this article, and putting them

into practice.

References

1 National Research Council (1996). National Science Education

Standards, Washington: National Academy Press.
2 American Association for the Advancement of Science (1990).

Science for All Americans: Project 2061, Washington, DC:

Author.
3 National Science Teachers Association (2003). Teacher

Preparation Standards, http://www.nsta.org/main/pdfs/

NSTAstandards2003.pdf

4 Association for the Education of Teachers in Science Ad hoc

Committee on Science Teacher Educator Standards (1997).

Position statement: Professional  knowledge standards for

science teacher educators. Journal of Science Teacher

Education, 8, 233-240.
5 In addition the program at Illinois State University, there is

also the evolving work of the PhysTEC program that is

currently under development for instance.
6 For instance, the Workshop Physics program of Priscilla Laws.
7 McDermott, L. (1983). How we teach and how students learn:

A mismatch? American Journal of Physics, 61 (4), 295-298.
8 Ibid.
9 Shulman, L. (1987). Knowledge and teaching: Foundations of

the new reform. Harvard Educational Review, 57, 1-22.


