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Physics education researchers have compiled substantial evidence that student course outcomes can
be improved if physics instructors incorporate research-based instructional strategies into their
teaching. Some instructors find this evidence convincing and attempt to change their instruction.
Some of these instructors are successful and some are not. This paper presents the results of a case
study of an experienced physics instructor as he attempted to change his instructional practices.
Although the instructor appeared to have the prerequisites for successful change, he still
encountered difficulties. Four factors were identified that limited his ability to change: an implicit
instructional model, incomplete knowledge of instructional strategies, overly optimistic initial
planning, and a desire to work within perceived external constraints. Contrary to common models
of instructional change, the instructor did not attempt to learn many details about available
techniques and engaged in a significant amount of invention of new techniques and reinvention of

existing techniques. © 2005 American Association of Physics Teachers.

[DOL: 10.1119/1.1927547]

I. INTRODUCTION

During the last few decades there has been increasing
awareness that traditional introductory college physics in-
struction is not producing the desired student outcomes. Stu-
dents often leave traditional introductory physics courses
with poor understanding of physics concepts,'™* poor
problem-solving skills,”~® poor understanding of the pro-
cesses of science,”’ !> as well as negative attitudes toward
science.'!* The physics education research community has
been using research on teaching and learning to develop in-
novative instructional strategies and materials that have been
shown to improve student outcomes in all of these areas.'>>*
In spite of the availability of a wide variety of high-quality
innovative instructional strategies, many physics instructors
continue to use traditional instructional practices. This lack
of use of “good ideas supported by convincing evidence of
efficacy” 2* suggests that there are substantial barriers to
change. To date, little research has been focused on identify-
ing these barriers or uncovering the details of the change
process.

One substantial barrier to change is that many physics
instructors remain unconvinced by the evidence presented by
the physics education research community. Other instructors,
however, are convinced by the evidence and attempt to make
changes in their instruction. Although the author was not
able to find any studies of the rate of success of these instruc-
tors in changing their instructional practices, anecdotal evi-
dence suggests that many have difficulties and a significant
portion return to their traditional instructional practices.
Finding a way to help more of these instructors become suc-
cessful in changing their instruction could significantly in-
crease the use of research-based instructional strategies. The
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goal of this study was to better understand the process of
change and to identify impeding factors. Instructors can use
this knowledge to anticipate and thus minimize or avoid the
effects of these factors. Curriculum developers and profes-
sional development providers can use this knowledge to bet-
ter support instructors who are attempting to change their
instruction.

Rogers’ model of the innovation-decision process>* will be
used as a starting point for organizing the change process of
a particular physics instructor. First, it will be shown that
Rogers’ model offers a reasonable description of the change
process. Then, four factors will be identified that impeded
the change process.

II. BACKGROUND: INSTRUCTIONAL CHANGE

There is a body of literature that explores how individuals
decide to adopt a new idea or practice.’*~>’ Rogers’ devel-
oped a widely accepted model of this process that is shown
in Fig. 1 and is summarized in the following. This model is
based on research on the adoption of innovations in a variety
of fields including education, public health, communication,
and marketing.**

Prerequisites. A prerequisite to an instructor learning
about an instructional innovation is that the instructor must
be dissatisfied with aspects of his/her current instruction. In
addition, an instructor’s beliefs and values about teaching
and learning, previous instructional practices, and the norms
of the school/department can all influence an instructor’s de-
cision to enter the change process as well as the types of
changes considered.

Stage I: Knowledge. In this stage, the instructor gains
knowledge about the innovation. There are three basic levels
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Fig. 1. Rogers’ model of the innovation-decision process, Ref. 24, p. 163.

of knowledge: “awareness” knowledge (knowledge that the
instructional strategy exists), “how-to”” knowledge (knowl-
edge about how to use the strategy properly), and “prin-
ciples” knowledge (knowledge about why the strategy
works—essential for solving problems that occur during
use).

Stage 1I: Persuasion. Based on the knowledge gained, the
instructor forms a favorable or unfavorable attitude toward
the innovation. According to the model, there are five inter-
related factors that influence the formation of this attitude,
which have been shown to explain between 49% and 87% of
the variance in the rate of adoption:**%

(1) Relative Advantage. Ts it better than what I do now?

(2) Compatibiliry. Does it conflict with my current beliefs
about learning and teaching, or my current teaching
practices?

(3) Complexity. Is it too difficult to understand or use in my
teaching environment?

(4) Trialability. Can I try it out and return to what I was
doing if I don’t like it?

(5) Observability. Can 1 watch someone else using it before
I decide whether to adopt?

Stage III: Decision. Based on the attitude formed, the in-
structor makes a decision about whether to adopt or reject
the innovation. In some cases what appears to be a decision
to reject is the result of an instructor never seriously consid-
ering its use.

Stage IV: Implementation. The instructor tries all or part of
an innovation. The instructor does not necessarily implement
the innovation as intended by the developer.

Stage V: Continuation. This decision is usually based on
its perceivedsuccess in increasing the satisfaction with the
previous instruction. One danger is the implementation dip,*®
the tendency for performance to become worse before it be-
comes better as the instructor grapples with the new skills
and assumptions that change requires.***?%?® This dip may
lead an instructor to decide to discontinue using the innova-
tive instructional strategy.

III. DATA COLLECTION AND ANALYSIS

The goal of this study is to develop a detailed understand-
ing of the educational change process of one physics instruc-
tor as he attempted to change his instructional practices dur-
ing one academic semester (the case).” This understanding
will be used to obtain insight into the difficulties of educa-
tional change in college level physics and, perhaps, educa-
tional change in general.
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A. The case

Dr. Holt (a pseudonym) is a tenured faculty member who
has taught physics at a research university in the upper Mid-
west for 20 years. He was selected because he was planning
to change his instruction in the second semester introductory
calculus-based physics (electricity and magnetism) class.
The class consisted of about 70 students, mostly engineering
majors, and met in a stadium-style lecture room for 50 min
each weekday. In addition to the lecture, there was a weekly
2-h lab.

Dr. Holt appeared to have all of the prerequisites for suc-
cessful change. He was dissatisfied with his previous expe-
riences teaching this course and believed that changing his
instructional practices could have a significant impact on stu-
dent learning—in contrast to blaming students’ poor prepa-
ration or lack of motivation for unsatisfying course
outcomes.”® He had taken the initiative to learn about in-
structional strategies and materials based on physics educa-
tion research. He also was participating in a national pro-
gram to improve introductory physics teaching. As part of
this program he had the support of a teacher-in-
residence—an experienced high-school teacher who fre-
quently attended the class and discussed instructional strate-
gies with him. In addition to the support afforded by the
national program, there was also a degree of accountability
because Dr. Holt knew that he would have to report on his
experiences. A final level of support was provided by the
weekly interviews that were part of this study. These inter-
views provided an opportunity for reflection on the past
week and thinking about the coming week.

Dr. Holt had taught this course about 30 times and de-
scribed developing his current instructional practices through
these experiences. His goal for the course had always been to
have students develop a real understanding of physics con-
cepts that they could use to solve novel problems. Early in
his teaching, he adjusted his expectations because this goal
seemed out of reach: “They [the students] want to be given a
formula they can plug things into, find an answer. And no
matter how often I tell them that that’s not what the course is
about, it didn’t get through that that wasn’t what the course
was about. Eventually, frankly, I had to make that what the
course was about just in order to pass a reasonable number of
students. So, I was fairly dissatisfied with the instruction.”
He described developing his instructional style and materials
largely by trial and error: “I’ve tried to improve ever since
[my first semester of teaching]. You just keep trying things
and seeing if they work or not, you know, and what I’ve done
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Fig. 2. A schematic of Dr. Holt’s change process. The two large boxes enclosing parts of the change process represent constraints that limited these aspects
of the change process. Rogers’ model of the change process is shown for comparison.

is to hit on a set of lectures or presentations which take up
the right amount of time and cover more or less the right
amount of material.”

B. Data sources

Case study research relies on multiple sources of
evidence.>! In this study, three principal sources of evidence
were used: Weekly interviews with the course instructor (15
interviews ranging from 20 to 60 min each); Daily classroom
observations (62 of the 67 class days were observed); and
materials distributed to students (syllabus, exams, and home-
work). Because the goals of the study were to understand the
process of instructional change, the focus of the data collec-
tion was on three dimensions of teaching practice:*® instruc-
tional materials, instructional strategies, and beliefs about in-
struction. The daily classroom observations and student
materials were used to document instructional materials and
strategies. The reasons for the selection of the materials and
strategies were discussed during the interviews along with
other relevant beliefs.

The weekly interviews were conducted each Friday after-
noon by the author and followed a standard format. The first
part of the interview focused on Dr. Holt’s reflections on the
current week. The second focused on his plans for the fol-
lowing week. Each part of the interview started with open-
ended questions, for example, “How do you think things
went this week?,” “What are your goals for next week?,”
and “How do you plan to accomplish these goals?” The
answers were followed by more specific questions that often
asked for more details, for example, “How do you decide
when to [have the students] do something in groups versus
when you lead a call-and-response kind of development?”’
Other questions asked Dr. Holt to restate or clarify his ideas,
for example, “So, an important part of your strategy [for
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using white boards] is having some individual time with the
groups?,” or were challenging, for example, “It seems like
you’re doing very little problem solving in class.”

C. Data analysis

The interviews were audio recorded and transcribed. A
matrix display was used to organize the relevant information
from the data sources by topic (rows) and by time
(columns.).32 These topics included the various instructional
strategies that were discussed, for example, the use of white
board group work, assigning reading questions, and other
topics that arose in the interviews, for example, the general
level of instructor satisfaction with the course, estimation of
level of student understanding, and instructor concerns.
There were two columns for each week, one containing plans
for the week and the other containing reflections on the
week. The latter also contained information about actual
practices from the class observations and student materials.
This arrangement of data facilitated the identification of
changes in ideas or practices in time as well as the identifi-
cation of discrepancies between practices, goals, and reflec-
tions.

A model was developed to describe Dr. Holt’s change pro-
cess. Using Rogers’ model of adoption of innovations as a
starting point,?* this model was developed iteratively by fol-
lowing Dr. Holt’s statements about each of the instructional
strategies and their use throughout the semester. The model
development process was considered complete when the
model accurately described the implementation of each of
the instructional strategies.
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Fig. 3. A schematic showing the relation between Dr. Holt’s basic instructional model, instructional activities used in the past, difficulties encountered, and
new instructional activities. All planned instructional changes resulted directly from difficulties encountered in past instruction.

D. Credibility

Efforts were made to ensure that the study provided an
authentic portrait of the change process as experienced by
this physics instructor.> As Yin has suggested,’! multiple
sources of evidence were used, and all results were based on
the complete set of evidence. In addition, Dr. Holt reviewed
and commented on the results of this study. All of the results
reported in this paper have been confirmed by him.

IV. RESULTS

A. Characteristics of Dr. Holt’s change process

A schematic of Dr. Holt’s change process is shown in Fig.
2 and the important characteristics are described in the fol-
lowing.

Dr. Holt had a coherent instructional model that
constrained/guided the change process. The constraints im-
posed by this instructional model are represented by the box
around the change process in Fig. 2. The instructional model
was inferred from statements that Dr. Holt made during the
interviews and is shown on the top row in Fig. 3. It was
presented to him toward the end of the semester and imme-
diately recognized as accurate. Although he was not explic-
itly aware of this instructional model (until it was presented
to him), it nonetheless served to limit the options that he
considered during the change process.

According to Dr. Holt’s instructional model, there are four
basic instructional activities that need to occur in a particular
order. First, students are shown a new physical phenomenon.
For example, the instructor shows two positively charged
pith balls repel one another. Second, the physics concepts are
introduced. For example, the instructor introduces Cou-
lomb’s law. Dr. Holt believes that this introduction can be
done in class, but it also can be done by having students read
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the textbook, leaving more class time for other activities.
Third, questions are asked or problems are assigned to help
students develop an understanding of the concepts. For ex-
ample, the instructor presents students with different situa-
tions and has them determine when the objects involved can
be considered point charges so that Coulomb’s law can be
used. Fourth, students are motivated to understand the con-
cepts by being required to solve novel problems on tests. Dr.
Holt believes that if the test questions are not novel, then
students will focus on memorizing problem solutions rather
than understanding the concepts.

One aspect conspicuously absent from Dr. Holt’s instruc-
tional model is any mechanism to help students use their
knowledge of the physics concepts to solve problems. This
absence reflects Dr. Holt’s belief that all a student needs in
order to solve problems is a good understanding of the phys-
ics concepts. Dr. Holt developed his instructional theory
through a combination of his personal experience as a stu-
dent and his prior teaching experiences. The influence of
these factors on the development of Dr. Holt’s instructional
practices is consistent with the results of prior research.>**

Dr. Holt sought or developed new instructional techniques
to solve specific problems that had prevented full implemen-
tation of his instructional model in the past. He identified
dissatisfaction with his past instructional techniques that he
had used to address almost all of the basic instructional ac-
tivities in his instructional model. The consideration of spe-
cific instructional techniques to solve specific problems was
his main focus when planning for his course. The results of
this planning are shown in Fig. 3 and are described in the
following:

(1) Introduce physics concepts. Although Dr. Holt believed
that physics concepts were most efficiently introduced in
the reading, he believed that most students did not actu-
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ally read the text. Thus, in his past instruction, he used
class time to introduce the concepts instead of spending
more time helping students understand the concepts. He
was aware of several ways to enforce or encourage stu-
dents to read the text, such as Mazur’s suggestion of
giving short reading quizzes.'” Dr. Holt also developed
the idea of asking students to submit a question that they
had about the reading.

(2) Help students understand the concepts in class. One way
that Dr. Holt believed he could help students understand
the concepts was to suggest questions that encourage
students to think about them. In the past he had not done
this as much as he would have liked, because of the time
constraints imposed by the need to cover much material
and because he introduced the concepts in class rather
than in the reading. In addition, when he did suggest
questions in class, he believed that the students were not
fully engaged in thinking about them. He was aware of
several ways to make the students more engaged in
thinking about the concepts during class. For example,
he knew that small white boards could be used to facili-
tate group work,” concept-oriented tutorials’® or
multiple-choice tests'® could be used to challenge stu-
dent understanding, and students could be assigned to
develop and do an experiment outside of class that re-
lated the physics concepts to their real-world experi-
ences.

(3) Help students understand the concepts by doing home-
work. Another way that Dr. Holt believed he could help
students understand the concepts was to suggest home-
work problems that encouraged students to think about
the concepts. In the past he did not collect the homework
and believed that many students did not attempt to do the
problems. He realized that he could encourage students
to do the homework by grading it. He was aware of
various ways to grade homework assignments, including
the use of online homework services.”’

(4) Motivate students to understand the concepts. Dr. Holt
believed that he needed to motivate students to under-
stand the concepts by giving novel test questions. As
mentioned, he had not been giving such questions in his
instruction because he found that the students could not
solve novel problems. One of his measures of success for
the course was that students could solve novel problems
on tests.

During planning for the course, Dr. Holt was aware of the
aspects of his instruction that he wanted to change as well as
a number of new instructional techniques. He was aware of
some of these techniques through external sources, for ex-
ample, by reading about instructional techniques used else-
where and discussions with other instructors. Some of the
techniques he developed himself. When learning about tech-
niques from external sources, he tended to stop gathering
information after developing an awareness that the technique
existed (awareness knowledge), rather than developing
knowledge about using the technique (how-to knowledge) or
knowledge about why the technique works (principles
knowledge).24 He did not believe that talks, workshops, and
written material could provide more than awareness knowl-
edge. He believed that this additional knowledge was diffi-
cult or impossible to codify, and had to be developed by the
personal experience of using a particular instructional tech-
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nique and/or watching the instructional technique being used
by another instructor for an extended period of time—at least
a week.

Dr. Holt developed a new instructional plan before the
start of the course. In constructing his plan, he mentally
combined instructional techniques that he had used before
with new instructional techniques to form a seemingly self-
consistent system that was consistent with his basic instruc-
tional model and perceived external constraints. The most
prominent constraint was the need to cover certain topics;
however other constraints were mentioned from time to time,
such as the layout of the lecture room or limited availability
of a teaching assistant for grading. Table I shows specific
instructional strategies that were part of this instructional
plan, and Fig. 3 shows how these strategies related to his
instructional model. The plan included an instructional cycle
where one lecture would be used showing students the phe-
nomena. That evening, students would be introduced to the
basic physics concepts related to the phenomenon by reading
the text. He planned to encourage students to read the text by
requiring them to submit a question about the reading via
email before the next lecture. During the next lecture, vari-
ous activities would be used to get the students to think about
the concepts. The most prominent of these activities was the
use of small student groups working with white boards to
think about a conceptually important question or problem.
The additional class time required for these in-class activities
would be available because there would be no need to intro-
duce the physics concepts in class, and several topics previ-
ously covered in the course were omitted. In addition, stu-
dents would be given regular homework assignments. After
collecting student homework, one problem would be selected
for thorough grading. Dr. Holt planned to give novel exam
questions. To focus students on the physics concepts, he
planned to require students to write a procedure for most of
the problems that they solved for homework or on exams.

After initial implementation of his new instructional plan,
Dr. Holt made local modifications. Once the course began,
Dr. Holt began to modify his instructional plan. Aspects that
dissatisfied him were either discontinued or modified. For
example, he almost immediately revised his planned instruc-
tional cycle. Instead of separately showing the phenomena,
introducing the concepts, and helping students understand
the concepts, he found it was preferable to integrate these
activities. Some aspects of his initial instructional plan were
initially perceived to be satisfactory, but were later modified
due to dissatisfaction. For example, the use of novel exam
questions was slowly phased out during the second half of
the semester in response to student performance. On the final
exam, all of the questions were reasonably similar to ques-
tions given on previous quizzes. Some aspects of the initial
instructional plan continued to be satisfactory for the entire
semester and were retained. For example, Dr. Holt perceived
the reading questions to be very successful in encouraging
the students to read and think about the concepts before com-
ing to class.

B. Differences between Dr. Holt’s change process
and Rogers’ model

Rogers’ model of the innovation-decision process appears
to be consistent with most of the major aspects of Dr. Holt’s
change process. The stages in Rogers’ model are more gen-
eral than those in Dr. Holt’s change process, but this gener-
ality would be expected because Rogers’ model was devel-
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Table I. New instructional strategies that were part of Dr. Holt’s instructional plan.

New instructional
technique

Plan

Implementation/results

Instructional sequence

Multiple-choice
conceptual questions

Novel problems on
tests

Problem-solving
procedure

Reading questions

White board group
work

(1) Show students the
phenomena in one lecture.
(2) Have students read the
relevant concepts that
evening. (3) Have them use
the concepts in the
subsequent lecture.

Students hold up a sheet of
paper to identify their
answer.

Tests to consist of problems
that are sufficiently different
from previously assigned
problems to encourage ‘‘real
understanding.”

Students are required to write
a procedure for all
homework and test problems.

Students submit a question
about the assigned reading.
Basic concepts from the
reading are not presented in
class.

Students work together in
assigned groups to develop a
procedure for solving a
complex problem.

Basic activities were employed,
but integrated much more than
planned.

Used only during the first week
of class.

Initial tests contained novel
problems, but later tests had
problems that were more and
more similar to the homework
or in-class work. All of the final
exam problems were similar to
problems on prior quizzes. Dr.
Holt believes that student
understanding is similar to
previous years.

Used throughout the course. No
explicit description of the nature
of an appropriate procedure and
few examples presented to
students. Dr. Holt believes that
student solutions were easier to
understand than in the past, but
test performance was not
noticeably improved.

Used throughout the course. Dr.
Holt believes that the
submissions were successful in
encouraging students to read the
text before class. Some basic
concepts from the reading were
presented in class.

Group work tended to focus on
qualitative questions and was
used about every other class
period. Groups were initially
assigned, but assignments were
not enforced. Most groups were
ad-hoc. Dr. Holt expressed
concern that group work
required much class time and
that many students became
progressively less engaged as
the course progressed.

oped to represent the commonalities of the change process in
many different situations. There are at least three important
differences between Rogers’ model and Dr. Holt’s change
process:

(1)

2

783

The innovations did not all come from external sources.
Accordinf to Rogers’ and other models of the change
pI’OCCSS,2 =27 all of the innovations are developed exter-
nally to the person making the changes. In Dr. Holt’s
case, at least one of the important innovations, the use of
reading questions, was developed entirely by him.

Implementation decisions were based on minimal knowl-
edge about the innovations. According to Rogers’ model,

a potential innovator bases an adoption decision on sub-
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stantial knowledge about the innovation. Dr. Holt did not
seek extensive information about innovations before
making a decision (he mainly gained awareness knowl-
edge). He believed that most articles or books were not
detailed enough to provide information that would help
him evaluate or use the innovations.

(3) All innovations from external sources were changed sig-

nificantly. Because Dr. Holt did not seek to gain how-to
or principles knowledge about these innovations, he de-
veloped his own procedures for their use. Although Rog-
ers’ model allows for modification of an innovation, it
does not reflect the large differences between the in-
tended and the implemented innovations that were ob-
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served in this study. Some models of the educational
change process allow for significant differences, but see
them as refinements that are made only after the instruc-
tor has become proficient in using the innovation more
or less as designed.38 In contrast, the two major innova-
tions from external sources, the use of white board group
work in class and the use of a problem-solving proce-
dure, were significantly modified by Dr. Holt for imple-
mentation in his class. In the modification, many features
previously shown to be crucial to successful implemen-
tation of the original innovation were lost.

C. Impediments to change

The main goal of this study was to identify factors that
prevent an instructor from reaching the desired improvement
in student outcomes that initiated the change process. Table I
shows the instructional strategies that were part of the initial
plan, how these strategies were implemented, and how satis-
fied Dr. Holt was with their use. Throughout the study, the
author developed hypotheses about factors that seemed to
impede the change process. Once the study was completed,
these factors were tested against the change process for each
identifiable instructional technique used by Dr. Holt. Four
factors were identified that were consistent with the change
process for each instructional technique. They were modified
slightly based on comments by Dr. Holt.

Factor 1: Dr. Holt’s instructional model constrained his
instructional choices. His instructional model was implicit,
unquestioned, and did not appear to change throughout the
semester. Dr. Holt did not consider instructional techniques
or look for explanations that fell outside of his instructional
model. Most of his model was compatible with the results of
educational research and helped to effectively guide the
change process. Other parts limited the change process. For
example, as mentioned, Dr. Holt believed that if students
really understood the physics concepts, they would be able to
solve problems based on these concepts. Thus, he placed a
lot of emphasis on conceptual understanding and relatively
little on developing students’ problem-solving skills. Educa-
tional researchers, however, believe that conceptual under-
standing is only one of the necessary components of an in-
dividual’s ability to solve problems.® A lack of instructional
emphasis on problem solving might have been one of the
factors limiting students’ abilities to solve novel problems at
the end of the course. This factor is consistent with research
that has shown that a teacher’s beliefs about teaching and
learning can constrain thinking.**~**

Factor 2: Dr. Holt did not seek to gain much knowledge
about new instructional techniques. As discussed, Dr. Holt
only obtained awareness knowledge about instructional strat-
egies before attempting implementation. In some cases this
lack of how-to or principles knowledge led to implementa-
tion difficulties. For example, when implementing white
board group work, Dr. Holt did not take the time to have
groups share their solutions with one another or with the
class. He also decided not to assign a grade to group work.
As the semester progressed, he found that less and less of the
class took these assignments seriously. His implementation
of white board group work did not reflect the five essential
components of cooperative grouping,*® of which Dr. Holt
was unaware. Some of this knowledge about the successful
management of groups was developed by Dr. Holt by reflect-
ing on his dissatisfaction with student behavior toward group
work. For example, he realized that he could probably en-
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courage the students to work more seriously on group tasks
by grading the results or the process. He did not attempt to
look for information about how other instructors had handled
this problem and decided not to try to implement any
changes in his approach to group work.

It is not clear if it would have been possible for Dr. Holt to
avert these difficulties by attempting to obtain principles
knowledge before implementation. This knowledge might
not have made sense without some relevant prior experience.
It seems likely, however, that developing some how-to
knowledge about possible ways to manage small group work
in class could have averted some of the difficulties.

Factor 3: Planning was overly optimistic. Dr. Holt’s initial
plans for the course were very elaborate and did not antici-
pate possible problems such as the students not behaving as
expected or the course elements not fitting together as hoped.
For example, his planned instructional sequence (showing
students the phenomena in one lecture, having them read
about the relevant physics concepts that evening, and then
having them use the concepts during the following lecture)
was found to be constraining and very quickly discontinued.
In addition, he did not anticipate the considerable time and
energy that change requires. Developing new materials and
reflecting on and refining instructional strategies took a sig-
nificant amount of time and energy. When neither were avail-
able, Dr. Holt would revert to previous instructional practice
of doing semi-interactive lectures where he would develop a
topic by asking a series of questions of the class and having
students call out answers.

Factor 4: The implementation of the new instructional
plan was overridden by perceived external constraints. In
addition to not anticipating how much of his personal time
and energy the planned instructional strategies would re-
quire, he also did not anticipate how much instructional time
some of these strategies would take. A common concern ex-
pressed during the interviews was the need to cover material.
This concern led Dr. Holt to revert to his previous instruc-
tional practices. For example, he believed that well-designed
white board group work was very effective in helping stu-
dents understand the physics concepts. But because it took
much time, semi-interactive lectures often were chosen in-
stead in order to cover the necessary material.

V. DISCUSSION

This study is an example of the process of instructional
change in higher education. It suggests that standard models
of the educational change process can provide a useful struc-
ture for understanding instructor change. However, these
models of the change process might not take into account the
significant amount of invention of new instructional tech-
niques and reinvention of existing techniques that takes place
in instructor change. Existing models suggest that instructors
learn about all of the options and then make a choice to use
one or more of them with, at most, minor adaptations. That
did not occur in this case. Of course, this study was limited
to only a single instructor, so more work is needed to deter-
mine if this level of invention is special to this instructor, is
a feature of only tertiary level instructional change, or is a
general feature of instructional change.

In addition, this study confirms the findings of previous
studies that a desire to change, although necessary, is not
enough for change to be successful.** In this study, Dr. Holt’s
ability to change was limited by his beliefs about teaching,
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his lack of how-to and principles knowledge of instructional
strategies, his overly optimistic initial planning, and his de-
sire to work within perceived external constraints. Because
other studies have suggested that it takes a teacher between 3
and 5 years to successfully change instructional
practices,?** this one-semester case study might represent
only the initial phase of a successful long-term change pro-
cess. Dr. Holt has indicated that he plans to use the results of
this initial experience to continue working toward his goal of
helping students develop a real understanding of physics
concepts.

VI. IMPLICATIONS FOR INSTRUCTORS
AND CURRICULUM DEVELOPERS

Change is intrinsically difficult because it requires the ac-
quisition of new skills and beliefs.?® The difficulties encoun-
tered by Dr. Holt suggest several pieces of advice for instruc-
tors who are interested in changing their instruction.

(1) Focus on a few changes, rather than trying several
changes at once.

(2) Problems are a natural part of change—expect them.

(3) Change requires substantial mental energy and time—
make sure that it is available.

(4) Learn as much as you can about previous innovations.
Knowledge can avert some problems, but some aspects
of a new instructional strategy probably cannot be fully
understood without experience.

Curriculum developers and professional development de-
signers hope to change instructors’ teaching practices by
helping them successfully use research-based instructional
strategies. They often are frustrated that many instructors
never attempt to use these new instructional strategies. An
additional frustration is that many instructors who do attempt
to use a new instructional strategy do not use it as designed
and/or quickly discontinue its use. The results of this study
suggest several ways that curriculum developers and profes-
sional development providers might help to improve this
situation.

As was the case in this study, innovative instructional
strategies and materials might be reinvented by each user. A
change process based on invention and reinvention has sev-
eral implications for curriculum developers. The first is that
innovations must be robust. They should degrade gracefully
under modification and/or partial use. Another is that inno-
vations are more likely to be used if it is easy for an instruc-
tor to pick and choose parts of the innovation.** It would be
helpful if curriculum developers designed modular materials
that can be modified easily. Curriculum developers also
should clearly identify the essential elements of the innova-
tion. There often are multiple ways to accomplish an essen-
tial element; however, without consideration of this element,
the innovation may fail. Many innovations do not have
clearly identified essential elements. For example, in this
study an awareness of the five essential elements of coopera-
tive grouping®® might have allowed Dr. Holt to consider
modifications to his new instructional plan, or given him
some ways to deal with the initial implementation difficulties
of white board group work.

One of the results of this study is that Dr. Holt’s instruc-
tional model was very important in determining what
changes he considered and how he implemented these
changes. This filtering effect of Dr. Holt’s instructional

785 Am. J. Phys., Vol. 73, No. 8, August 2005

model is consistent with research on teachers’
conceptions*'*7*® and suggests that it is important for cur-
riculum developers and professional development providers
to understand instructors’ instructional models. Dr. Holt’s in-
structional model was largely consistent with the results of
educational research and helped to facilitate the change pro-
cess in many areas, but other instructors might not have such
a model.

Instructional change is a long-term evolutionary process.
New practices and beliefs are built on previous practices and
beliefs.* Although Dr. Holt’s instructional model did not
change during the semester, he indicated dissatisfaction with
aspects of his instruction that he wanted to investigate more
before teaching the course again (for example, managing stu-
dent groups and ways to teach problem-solving skills). After
being shown the author’s representation of his instructional
model, Dr. Holt indicated that his instructional model may
need to be modified to help students develop problem-
solving skills that they do not develop under his current
model. It is unclear, however, if he would come to this real-
ization without the intervention of this study or if this real-
ization will actually lead to a change in his model. Thus, it is
important for curriculum developers to be willing and able to
work with instructors for an extended time as the instructors
develop increasingly sophisticated levels of knowledge and
skill.
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