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This study had two purposes. The first was to explore teacher knowledge of educational technology
through the lens of three components of Shulman’s model of teachers’ knowledge—content, peda-
gogical, and pedagogical content knowledge. Asecond purpose was to investigate the ways in which
teacher knowledge was acquired, shared, and used by student teachers and their mentors. By using
Shulman’s model, a comprehensive depiction of teacher knowledge was constructed and considered.
Data for the study were drawn from a 3-month intensive observation period. Results indicate that
employment of Shulman’s model revealed a set of knowledge derived from and applicable to practice
with educational technology. Impact on the field includes a broadening sense of the nature of knowl-
edge of educational technology as well as increased attention to the importance of the student teach-
ing placement and student and mentor teachers’ roles within that environment.
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When student teachers and their mentors use
educational technology in classroom and pro-
fessional settings, they instantiate a body of
knowledge. This body of knowledge is fluid
and continuously developing, drawn from a

variety of sources, and applicable in a variety of
settings. Within the context of their practice,
teachers modify their understanding of educa-
tional technology, much as they modify their
understandings of other factors that influence
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teaching and learning. In the process, they
evolve a “wisdom of practice” (Shulman, 1987,
p. 4) that enhances and expands their knowledge
base. If teachers are to use technology to further
their efforts to be effective facilitators of student
learning, it is essential that their knowledge of
educational technology encompass not just con-
tent knowledge—the technological capacities of
hardware and software—but pedagogical and
pedagogical content knowledge as well.

This article examines the nature and acquisi-
tion of knowledge of educational technology by
a student teacher and her mentor working in
the shared professional context of Madrid Mid-
dle School,1 a medium-sized middle school in a
working-class suburb of a large midwestern in-
dustrial city. The initial product of this examina-
tion was a set of three cases of pairs of practicing
teachers and the student teachers with whom
they work. This article reports the results of one
of those cases, a pair of science teachers referred
to as Helen Johnson (student teacher) and Anna
Lloyd (mentor teacher). From March through
June of 1999, I observed, talked with, and in
some instances worked alongside these teach-
ers as they interacted with students and used
technology for teaching, learning, and achiev-
ing their own professional ends. By depicting
this particular case, I create a narrative portrait
of teacher knowledge of educational technol-
ogy in this individual setting. This portrait is
informed by and structured according to a com-
prehensive general model of teacher knowl-
edge that includes content knowledge, peda-
gogical knowledge, and pedagogical content
knowledge of educational technology. Placing
this depiction within the literatures surround-
ing teacher knowledge and educational tech-
nology, this article seeks to contribute to the
field’s understanding of teacher knowledge as
it impacts and is impacted by both educational
technology and the mentor/student teacher
relationship.

Questions for Study

Two major questions guided the design, con-
duct, analysis, and writing of this study. The
first question was

Research Question 1: What knowledge of educational
technology can be inferred from observing the prac-
tice of and conversing with student and mentor
teachers in the context of their professional lives?

To address this question, this study took a
broad view of teacher knowledge, adapting
Shulman’s (1987) model for teacher knowledge
to educational technology. The second question
for study was

Research Question 2: How is knowledge of educational
technology acquired, employed, and shared by the
participants?

Running parallel to the depiction of educational
technology knowledge in this study were con-
siderations of the role that knowledge plays in
instantiating educational uses of technology
and the means by which educational technol-
ogy knowledge was promulgated in the setting.

Operational Definitions

This study employed an operational defini-
tion of teacher knowledge that is close to what
Fenstermacher (1994) would call a “grouping”
sense. This grouping sense of knowledge posits
that teachers “generate ideas, conceptions,
images, or perspectives when performing as
teachers” (p. 31). It is these ideas and perspec-
tives that are described in this study.

In reviewing the literature, the term educa-
tional technology tends to be implicitly defined.
Ely (1995) wrote that “Educational technology
is a term widely used in the field of educa-
tion, . . . but it is often used with different mean-
ings. . . . Educational technology properly refers
to a particular approach to achieving the ends of
education” (p. 1). This definition, like others
found in the literature, can be seen as focusing
on processes for teaching and learning as much
as they are about pieces of hardware or soft-
ware. Teachers’ use of technology can further-
more be viewed through the use of a definition
explored by Hickman (1990), in which the roots
of the term technology are traced to the Greek
techne. Hickman wrote that

for Aristotle and Plato alike, techne was said to imi-
tate nature by modifying and bringing to completion
natural events and objects for the sake of human pur-
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pose and use. At the same time it was said to perform
the quasi-divine function of establishing order
where there had been only chance. (p. 17)

Applying this to educational technology, con-
cepts to be learned by students might be
thought of as “natural events” with technology
serving to help order those concepts for learn-
ing purposes. For purposes of this article, the
definition of the phrase educational technology
was operationalized as follows: applications
and processes that employ electric or electronic
devices to enhance teaching, learning, or the
professional ends of teachers. Primarily these
were information technologies. Participants
used these technologies to aid in student and
teacher presentations (e.g., equipment demon-
strations, video cameras, and laser disks), create
information-based products (e.g., student word
processing to create texts), locate information
and curricular resources (e.g., World Wide Web
sites and CD-ROM materials), and assess and
record student understanding of information
(e.g., quizzes taken via computer software and
grade-keeping programs used to create a record
of learning).

RATIONALE

Educational technology, especially the use of
computers and associated information technol-
ogy, is rapidly solidifying a prominent role in
education. The computer has the capacity to
be employed for instance as a cognitive tool
(Salomon, Perkins, & Globerson, 1991), a mem-
ory tool (Swan, 1996), a motivational tool
(Means & Olson, 1995b), a communication tool
(Doucette, 1994), or a project support tool
(Marx, Blumenfeld, Krajcik, & Soloway, 1997)—
understanding the range of possibilities, the
appropriate applications, and the relevant ped-
agogical strategies requires an array of knowl-
edge on the part of the teacher. This knowledge
can be acquired from a variety of sources.

For both student teachers and mentor teach-
ers, the sharing of knowledge of educational
technology in the context of the student teach-
ing placement may be a contributor to profes-
sional development (Easdown, 1994). Pre-
service teachers have reported that their

student teaching experience is a very conse-
quential portion of the teacher preparation
process (Dowrick, 1997). Mentor teachers play a
contributing role in the value to the student
teacher of the student teaching experience
(McIntyre, 1988). Their classroom experience,
subject matter knowledge, and familiarity with
particular teaching settings cause them to be
viewed as a respected source of knowledge for
the student teacher.

Mentor teachers for their part report that stu-
dent teachers are a valued source of knowledge
(Easdown, 1994; Margerum-Leys & Marx, 1999;
Tatel, 1996). Sharing of knowledge is important
for teacher preparation and development gen-
erally; it may be especially important in the
acquisition of educational technology knowl-
edge. Educational technology is an area in
which mentor teachers are eager to access con-
tent knowledge held by student teachers. Men-
tor teachers view student teachers by virtue of
their relative youth as members of a generation
that holds more knowledge of technology than
they themselves do. They also perceive that stu-
dents’ teachers teacher education coursework
will have contained more educational tech-
nology information than their own coursework
(Lundeberg, Zeon, Brown, Ingebrand, &
Bieging, 2001; Margerum-Leys & Marx, 2000).
An additional motivation for studying the
knowledge of teachers regarding technology is
that the role of educational technology, espe-
cially computers in education, is changing rap-
idly. In the early days of computer use in educa-
tion, computers were thought to be useful for
the teaching of logic through programming
(Papert, 1993). Subsequently, there was a
conceptualization of computers as standalone
information processing and document produc-
tion tools. More recently, the computer has been
thought of as a communication tool; computers
are now used and viewed as portals to an ever-
expanding array of information through elec-
tronic mail and the World Wide Web (Jonassen,
2000; Tiene & Ingram, 2001). Paralleling these
changes in our perceptions of the utility of tech-
nology has been a steady movement toward
more student-centered learning environments
and activities. This has implications for the
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preparation and development of teachers. To
use technology in ways that are congruent with
our current understandings of teaching and
learning as well as of technology itself, teach-
ers need to be familiar with an expanding va-
riety of pedagogical techniques (Forcier, 1999;
Jonassen, 2000; Marx et al., 1997; Means &
Olson, 1995a; Mergendoller, 1996).

Relevant Literature

In recent years, there has been an explosion in
the number of computers available in America’s
schools. Between 1983 and 1995, the students
per computer ratio nationwide plummeted
from 125 students per computer in the average
school to 9 students per computer (Glennan &
Melmed, 1996). Current initiatives in the state of
Michigan (Michigan Department of Education,
2001) will equip classroom teachers with laptop
computers and other hardware, bringing this
ratio down even more. As the educational com-
munity passes through a phase in which acqui-
sition of hardware is a paramount concern to
one in which educationally sound applications
of new technologies are at the forefront, focus
on the role of teachers is increasing (Corcoran,
2000; Wenglinsky, 1998). Teachers play a vital
part in the success or failure of any educational
innovation; the use of technology is no excep-
tion. Computer use is not the “unalloyed good”
(Beasley & Sutton, 1998) that politicians and the
media sometimes portray. Computer use can be
associated with either increased or decreased
student learning (Wenglinsky, 1998). The differ-
ence between computer uses that are associated
with poor academic performance and uses of
classroom technology that are associated with
higher student learning lies in large measure in
whether teachers are prepared and how they
use technology in their teaching. Teachers who
use technology in the service of higher order
thinking skills are associated with students
whose standardized test scores are higher
(Wenglinsky, 1998).

To make effective classroom use of technol-
ogy, teachers require knowledge regarding the
incorporation of educational technology into
the K-12 academic milieu (Office of Technology

Assessment, 1995; Wenglinsky, 1998). Knowl-
edge forms the basis for sound decision making;
specialized knowledge is required for the fluent
handling of the complex teaching and learning
situations that arise as teachers instantiate
applications of technology in their teaching
practice (Bransford et al., 1986).

Knowledge as a Construct in the
Educational Research Literature

Fenstermacher (1994) pointed out that litera-
ture that deals with teacher knowledge, includ-
ing some of the literature explored in this article,
in certain instances neglects to define the stan-
dards by which it judges information or state-
ments to be knowledge. This is a legitimate criti-
cism; to have a discourse about knowledge, the
term needs to be defined so that there is some
shared sense of meaning. The information on
which teachers act and that some literature
treats as knowledge is often at the level of what
has traditionally been called beliefs rather than
knowledge. Beliefs is defined by Goodenough
(1963) as implicit or explicit propositions that
are held to be true and are “accepted as guides
for assessing the future, are cited in support of
decisions, or are referred to in passing judgment
on the behavior of others” (p. 151). Crucial to
this definition is the role of beliefs in determin-
ing courses of action and in shaping knowledge
structures, sometimes in opposition to what
might be looked at as objective “truth.” Teach-
ers act with conviction on their beliefs, basing
these beliefs on their own experience and prepa-
ration (Alexander, Schallert, & Hare, 1991). Dif-
ferent teachers operating in very similar set-
tings would be expected to have different
beliefs regarding appropriate pedagogical
approaches. Although there are generally
accepted guidelines for teaching, it is possible
that each of these teachers might be correct for
his or her own practice; pedagogically effective
choices for one might be ineffective for the other.

Knowledge as the Construct
Used in This Study

In this article, the inferences made regarding
teacher knowledge of educational technology
are in a grouping sense (Fenstermacher, 1994).
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We do not make an epistemic distinction be-
tween knowledge and beliefs, preferring to
carefully describe participants’ practice and
our inferences regarding their knowledge and
to allow the readers to draw their own con-
clusions. For descriptive purposes, we use
Shulman’s (1987) model as a form on which to
fit these findings. Shulman embraced a broad
range of knowledge components drawn from a
variety of sources. In applying Shulman’s
model to educational technology though, we
retain some sense of the epistemic. Knowledge
to be considered knowledge here is information
that exists “in the world.” It is shared and its
warrant validated by one or more communities;
these may be teachers, researchers, professional
organizations, or bodies of related literature. In
addition, knowledge may be warranted as such
through improvements in repeated practice.
When a teacher alters his or her instruction to
correct for perceived shortcomings in his or her
plan or students’ abilities, the teacher evidences
accrual of pedagogical (in the case of general
strategies) or pedagogical content (in the case of
specialized understandings of the use of tech-
nology for teaching and learning) knowledge.

Teacher knowledge, as laid out by Shulman
(1987), has multiple components and draws
from multiple sources. Each of these compo-
nents and sources can be seen operating in and
on educational technology. Each influences how
teachers teach with technology as well as how
teacher education students might be helped to
develop the ability to teach with technology.
This study focused on the following three com-
ponents of teacher knowledge: content knowl-
edge, pedagogical knowledge, and pedagogical
content knowledge.

METHOD

The object of this study was a description of
knowledge as it was acquired, used, and shared
by a student teacher and her mentor teacher in
the context of their teaching and other profes-
sional practice. Knowledge can be difficult to
observe—as defined in the previous section, it is
a theoretical construct that must to some extent
be inferred. Although inferences about knowl-

edge are by nature subjective, sufficient warrant
must be given for inferences drawn and sub-
stantiation made for the selection of some evi-
dence for inferences over others. The primary
goal of the methods employed in this study was
to link teachers’ knowledge as spoken of in
interviews and instantiations of that knowledge
as observed in their classroom practice as well
as to show educational technology knowledge,
acquisition, and sharing by the student teachers
and their mentors. By linking interviews and
observations systematically, this study’s meth-
ods build an argument for a complex descrip-
tion of teacher knowledge of educational tech-
nology. A guiding assumption is that student
teachers and their mentor teachers may serve as
sources of knowledge for each other. For both
student teachers and mentor teachers, sharing
knowledge of educational technology is a
mechanism that fuels professional develop-
ment. The methods used sought to provide evi-
dence for this assumption through conversa-
tions with the participants and observations of
their classroom and other professional prac-
tices. In addition to defining knowledge of edu-
cational technology richly, I sought to docu-
ment the acquisition and sharing of knowledge
by student teachers and their mentors.

Research Design

Case study research, with its ability to de-
scribe individuals and their settings richly, was
the natural choice for this study. Yin (1989) ar-
gued that case studies are the method of choice
for describing current phenomena over which
the researcher has relatively little control, in
which the boundaries between phenomena
and context are unclear, and for which the
researcher  will  have  access  to  multiple  data
sources.

Procedure

This study relies on the following two main
data sources: classroom observations and inter-
views. The classroom observations, which in-
cluded observations of planning periods and
informal conversations with participants, took
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place from March 1 through June 21, 1999. Con-
current with the classroom observations were a
series of three interviews with each participant.
During this 3-month period, I gradually became
a part of the Madrid Middle School environ-
ment, allowing me to make observations, if not
from an insider’s perspective, at least with an
insider’s access to the setting.

The object of the classroom observations was
to follow the teachers as they used technology
in their teaching. By attending to their practice, I
was able to draw inferences about the implicit
knowledge displayed. During instruction as
well as during out-of-class interactions, I also
noted the give and take between cooperating
teacher and student teacher. From these interac-
tions, I was able to create a picture of the sharing
of educational technology knowledge within
the teacher pairs.

Data on classroom observations were col-
lected using a field notes database devised
iteratively during the first 2 weeks of data col-
lection. This database allowed the individual
observations to be focused along systematic
lines. Using the reporting functions of the data-
base, it was also possible to remain cognizant of
the larger structure of the data being collected.
Each observation (i.e., a class period or a con-
versation) was represented by a record in the
database, with organizational and observa-
tional information entered into fields within the
record.

Paralleling the observations, a series of three
interviews with each participant served as the
other major component of the data set. These
interviews helped to create a more complete
picture of teacher knowledge as it played out at
the research site. Teachers were able to narrate
their perspective on their practice as well as add
value to classroom observations by explaining
things I did not understand or could not see. I
was interested in both the knowledge held by
the teachers and their perspective regarding
that knowledge. Following a format suggested
by Seidman (1991), I conducted three semi-
structured interviews with each of the 6 partici-
pants. Each interview lasted approximately 1
hour. All interviews were conducted at the re-
search site, with most of them held in the partic-

ipants’ classrooms. By locating the interviews in
the classrooms, the participants and I were able
to use the surroundings to aid in recall and to
spark conversation.

Analysis

Methodologically, there were six links that
led from the events to this report. The first was
the events themselves. From March 1 to June 21,
1999, a set of events occurred at Madrid Middle
School. The second link was what I chose to
observe from within the universe of what oc-
curred. As I developed my role as a participant-
observer, I focused my attention on teachers’
uses of technology with the goal of making in-
quiries and inferences about the knowledge
base that was reflected in the teachers’ practices.
The organization of my field notes and the tran-
scription of the interviews formed the third link
in the chain. By being systematic about what
was noted in each observation and how tran-
scripts of the interviews were created, I was able
to accrue a set of data in which connections
could be made and themes observed. The field
notes were a subset of my observations, which
were in turn a subset of the events themselves
and the observations that could have been
made. Similarly, the interview transcripts lost
the audible sound of the voices of the partici-
pants, but the transcription process allowed for
coding of the transcripts as well as connection
with the observation notes. Coding of the notes
was the fourth link. The coding used in this
study was thematic, rising from the observation
field notes and organized in part along concep-
tual lines. Although the process of code devel-
opment was guided by previous research and
suggestions from the literature (Chi, 1997;
Margerum-Leys & Marx, 1999), the structure
and particular set of codes were unique to this
study. Thematic analysis of the coded data
formed the fifth link in the chain. The final link
was the form of report used for the study. Fol-
lowing guidelines suggested by Yin (1989), I
present a case study that illuminates the study
setting and its participants.

In systematically performing observations,
interviews, data collection, analysis, and report-
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ing, I was able to reach conclusions that respect
the intricacy of the phenomena being described
while yielding comprehensible conclusions.
The purpose of data analysis was to allow the
systematic reduction of data in such a way that
trends could be seen and results derived while
honoring the complexity of the underlying data
and presenting a supportable argument. Data
analysis keyed on the classroom observations.
From this standpoint, the classroom observation
field notes were the central component of the
data set as it was in this setting that teachers
instantiated their knowledge. Themes from the
observations were developed first, with the in-
terview transcript coding tied to these themes.

Data coding was accomplished through a
recursive process of identifying themes in the
classroom observation field notes and interview
transcripts, followed by a process of creating
narratives describing sections of the data rich in
thematic information. During a first pass
through the data, a process known as bootstrap-
ping was employed; emerging themes and cate-
gories were recorded in the database. These
became the basis for the coding structure. The
compiled  list  of  emerging  themes  was  com-
pared with each other, and redundant themes
were merged. Codes relating to teacher knowl-
edge were organized along conceptual lines
suggested by Shulman (1987) in his descriptions
of the structure of teacher knowledge. With the
coding structure in place, the data were again
examined and coded at the paragraph level for
field notes and the line level for interviews. This
process was similar to verbal analysis coding
(Chi, 1997) in which a researcher’s subjective
impression of a data set is used to create a struc-
ture that can be partially quantified to aid in the
identification of larger themes.

RESULTS

As identified in the literature (Glennan &
Melmed, 1996), lack of access to technology can
be a barrier to its use in educational settings. An
additional barrier is a dearth of teacher prepara-
tion (President’s Committee of Advisors on Sci-
ence and Technology Panel on Educational
Technology, 1997). Helen Johnson and Anna

Lloyd’s case represented what can be accom-
plished when a student teacher has constant
access to technology for her professional use as
well as the potential that can be realized when
an in-service teacher acquires educational tech-
nology knowledge through professional devel-
opment and ongoing interaction with student
teachers.

Classroom Environment

Lloyd and Johnson cultivated a classroom
atmosphere of collaborative student scholar-
ship. Analysis of field notes indicated that class
sessions often took the form of labs or other
student-centered projects. Lloyd emphasized
science content in these projects, insisting that
students use scientific vocabulary and empha-
sizing that understanding of the science content
was more important than mastery of lab tech-
niques or computer equipment.

Technology took center stage among the
objects in the classroom. Lloyd’s classroom
computer was in the middle of the front of the
room; she and Johnson used it frequently dur-
ing the class period, primarily for Web searches
and record keeping. A VCR and television were
also present in the room, along with a laser disk
player. At the front of the classroom was an
overhead projector. The projector was in daily
use for the question of the day as well as for
directions for classroom activities. Both Lloyd
and Johnson were frequent and enthusiastic
users of and learners concerning technology.
The physical arrangement of the room high-
lighted their incorporation of technology in
their everyday teaching practice.

Desk space for students in the classroom was
provided by a set of freestanding lab tables.
Each table seated two (for teacher-directed in-
struction) or more (for project work) students.
On three sides of the perimeter of the room, a set
of six workstations—each with gas, electricity,
and sink—provided space for conducting sci-
ence experiments or participating in other pro-
jects. Small windows along the exterior wall
provided light to the classroom, as did fluores-
cent overhead lights.
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Students generally performed to Lloyd’s
expectations. It was unusual for the class rou-
tine to be disrupted by discipline or other class-
room management problems—there were only
four instances of this during the time that I
spent at Madrid Middle School. Even during
project sessions, the classroom tended to be
quiet and well ordered. Students rarely abused
the relative freedom to move about in the room
during labs and projects. Only once during the
data collection period did a student need to
leave the classroom due to inability to follow
class norms.

Throughout the observation field notes,
Lloyd’s daily classroom routine was structured
and predictable. Each instructional period in
the classroom began with a question of the
day projected onto a screen at the front of the
classroom. Students spent the first 5 minutes of
class individually answering this question,
then discussing their answer with the rest of
the class. Following the question of the day,
the remainder of the period was usually given
over to a mix of direct instruction and project-
based education, with labs and other projects
predominating.

Approaches to
Teaching With Technology

By March, when the observation period
started, Johnson’s and Lloyd’s teaching styles
were nearly identical. Timed scripting of their
lessons showed that each instantiated lesson
plans along timelines that differed very little,
with student activities facilitated in the same
ways by both members of the pair. In inter-
views, both espoused similar philosophies of
science teaching and working with middle
school students. Their philosophies were en-
acted in a shared setting, with the same student
population and district curricular goals.

In May, I observed Johnson and Lloyd teach-
ing a lesson on plant cells using a Web site as a
source for scanned microscopic images. There
were five repetitions of the same lesson, with
Johnson (the student teacher) leading the first
two and Lloyd (the mentor teacher) the remain-
ing three. Each began with approximately 5

minutes of direct instruction, including bring-
ing to students’ attention some relevant terms
from the Web site. Each used a whiteboard at the
front of the room to project images from the Web
site. Each walked students through the first
three questions on their accompanying
worksheet, then allowed students to work in
independent pairs for the remainder of the
period. Time allotted for the introductory and
direct instruction portion of the period was as
followed: third period (Johnson), 26 minutes;
fourth period (Johnson), 20 minutes; fifth
period (Lloyd), 20 minutes; sixth period
(Lloyd), 20 minutes; seventh period (Lloyd), 21
minutes. Johnson, the student teacher, had
planned the lesson. The stacked histogram in
Figure 1 shows how closely their instructional
sequence matched during these five instan-
tiations of the same lesson plan. Period 5 is the
lunch period at Madrid: The extra exploratory
time was an artifact of the school schedule.

It was common for Johnson and Lloyd to do
what I came to think of as twin team teaching.
Rather than each taking a different role, they
would share the role of lead teacher during the
directed instruction segment of the class, then
share the role of activity facilitator during
student-centered time. On many days, a visitor
unfamiliar with the pair of them would be hard
pressed to say who was the mentor and who
was the student teacher based on their instruc-
tional practice. Lloyd saw Johnson as an indis-
pensable partner in doing the kind of science

428 Journal of Teacher Education, Vol. 55, No. 5, November/December 2004

FIGURE 1: Web Cell Lab Times
NOTE: Periods 4 and 5 were led by Helen Johnson, the student
teacher. Periods 5 through 7 were led by Anna Lloyd, the mentor
teacher.
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teaching that she valued, particularly when
incorporating technology into her teaching.

Nonetheless, a more analytical examination
of their teaching exposed subtle differences in
their approach, both with and without tech-
nology. These differences seemed in part re-
lated to Lloyd’s greater experience as a class-
room teacher. When introducing new content
through direct instruction, Lloyd frequently
used examples drawn from her teaching expe-
rience. Lacking illustrations from personal
experience, Johnson asked students to contrib-
ute examples from their own life experiences.
Both approaches seemed effective, with stu-
dents remaining engaged in the lesson and
appearing to gain from the examples pro-
vided, whether from the teacher or from fellow
students.

Lloyd’s approach to teaching with technology.
Lloyd’s views on teaching science and her prac-
tices as a science teacher were in alignment with
a pedagogical philosophy that teaching sci-
ence involved creating rich environments for
students and providing them with authentic
tasks (Cognition and Technology Group at
Vanderbilt, 1990). Technology’s role was to mo-
tivate students and provide a content-rich en-
vironment. To this end, Lloyd used laser disks
for small group work and CD-ROM-based
software as a source of content material.

Students were held to scientific standards
when participating in class activities. Lloyd
put more emphasis on scientific concepts than
on technology or lab technique knowledge.
Students were encouraged to experiment and
not be concerned about technological failures.
When students had trouble with equipment,
they were encouraged to be problem solvers.
Lloyd would guide them to a solution by ask-
ing them to think about what the trouble
might be and how they would go about solv-
ing it.

Outside the classroom, Lloyd used e-mail to
extend her reach as a science teacher, both for
her own students and for students who con-
tacted her through an America Online program
in which teachers agreed to act as content ex-
perts and field questions. On several occasions
during the observation period, she reported

that she fielded science content and school-
related questions.

In employing technology in her teaching, it
was clear that Lloyd was enamored of science
education first and viewed technology as an
interesting toolbox for enhancing her teaching
and her students’ learning of science. Technol-
ogy was a motivator and a provider of content
and communications capability, but science and
student learning were the primary goals.

Johnson’s approach to teaching with technology.
Both Johnson and Lloyd valued student inquiry
and relative student autonomy in which stu-
dents pursued questions provided by the
teacher but had some flexibility regarding the
steps to be taken in addressing those questions.
This philosophical perspective contrasted with
school lab personnel’s view of effective instruc-
tional practices, which tended to be more con-
servative and teacher centered. When Johnson
discussed her plans for the Web-based cell bi-
ology lesson with the lab personnel, there was
a difference of opinion as to how the lesson
should be implemented. The paraprofessional
recommended that Johnson take students
through the instructions for the lab step by step.
Johnson disagreed, but as a student teacher
she consented to implement the lesson as
recommended.

Prior to the student teaching experience,
Johnson had acquired knowledge of technology
by a different route than had Lloyd. By almost a
decade the oldest of the 3 student teachers who
participated in the larger study, Johnson had a
considerable background in banking before
turning to classroom teaching. Of the 6 partici-
pants, she was the only one who carried a lap-
top computer. Through her work experience
and her constant access to a computer, she had
become very proficient with productivity appli-
cations such as word processors, spreadsheets,
and presentation software. In the following pas-
sage, she related how her access to the laptop
computer impacted her teaching practice:

Because [technology] was there, I tend to use it . . .
[for] everything. I use it for word [processing] . . . I
mean, I use it to make signs on the door to tell them
we’re going somewhere else, I use it to make quizzes
and tests, I use it to make worksheets, I use it to take
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the worksheets that are in the [teacher’s edition] that
comes with our book, and change them so that the
special ed. class has more room to write. I have done
that frequently where I’m looking at a worksheet go-
ing “Okay, I don’t like this format” and I completely
redo it. . . . Sometimes it’s the way questions are
asked . . . I think a lot of the questions, sometimes the
way they’re asked don’t make sense, or wouldn’t
make sense to some of our students, so sometimes it
is completely editing or partially editing. (Johnson,
third interview)

The aforementioned example is an instance
of a teacher applying pedagogical knowledge to
her use of educational technology. It may seem
simple to change a worksheet to better fit with
one’s students, but Johnson did so far more of-
ten than the other participants. For Johnson,
constant access to technology enhanced her
teaching practice, allowing her to improve the
usability of curriculum materials for her partic-
ular students.

Approach to Learning
About Teaching With Technology

For Lloyd, formal professional development
was an ongoing, planned process with im-
provement of her classroom teaching practice
as the goal of her development efforts. Lloyd’s
approach to professional development in teach-
ing with technology was consistent with her
professional approach to other types of teach-
ing. When she realized that the Internet was
becoming important, she enrolled in a univer-
sity course to learn more about its use.

A benefit of the knowledge acquired through
the course was Lloyd’s increased ability to con-
nect with her students electronically during
nonschool hours. The knowledge acquired
from the course itself was content knowledge:
knowledge of the capacities and operating pro-
cedures of specific pieces of hardware and
software.

Lloyd referred in conversations to the value
of student teachers as sources of educational
technology content knowledge. In aggregate,
she considered them a renewable resource, with
each year bringing a fresh set of ideas.

It’s one of the reasons I love getting [student teach-
ers]. It instantly updates me. It’s like, they know the

newest stuff. . . . If I’m stuck on something and I’m
not sure how to do it, a lot of times they do. (Lloyd,
third interview)

Acquisition of educational technology
knowledge was a two-way street for Lloyd and
Johnson; Lloyd was both a recipient and a pro-
vider of educational technology knowledge.
Particularly in terms of pedagogical and peda-
gogical content knowledge, Lloyd viewed her-
self as a source of knowledge for her student
teachers. In a passage following the earlier
passage, Lloyd says,

I think the [teacher education] students come in
probably knowing a lot more about computers than I
do. But, I probably can show them some things about
classroom management and what to do when it
breaks, and how to have the alternate plan B, and
those kinds of things are the things that I can pass on.
So definitely, we pass things back and forth. (Lloyd,
third interview)

Over the course of the observation period,
Lloyd acquired technology knowledge from
Johnson; in some cases, this knowledge had in
turn been acquired from Johnson’s methods
class and from her university educational tech-
nology class. An example of this was the Web-
based cell biology activity that Johnson discov-
ered. Johnson found the activity on the Web,
planned for implementing the activity, and im-
plemented it in the computer lab. She had input
from Lloyd and from the computer lab person-
nel, but the primary responsibility for develop-
ing and delivering the lesson was hers. Lloyd
observed the lesson and taught it herself—as
noted earlier, her delivery was remarkably simi-
lar to Johnson’s. In the coming year, Lloyd in-
tended to use the lesson herself. The potential
exists for a subsequent student teacher to gain
from the knowledge Johnson brought to the set-
ting, with the benefit of Lloyd’s contribution
of pedagogical content knowledge gained
through experience and applied to the activity
through her own instantiation of it.

Johnson’s Use of Technology
in the Job Search Process

The availability of computer-based and
Internet-connected technology factored into
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Johnson’s search for a first teaching position. By
using online resources from the school site,
Johnson was able to keep her job search moving
forward without being absent from the school
site. She monitored district Web-based job list-
ings, retrieved academic grade reports from
the university to be forwarded to potential
employers, and contacted the employers via e-
mail. This was uncharted territory, although
Johnson’s experience in the office environment
helped her to negotiate it.

Professional Relationship

Johnson and Lloyd shared a considerable
amount of educational technology knowledge
during the 3 months that I observed them.
Lloyd picked up a new curriculum piece—the
cell biology Web activity—that she intended to
use with her students in the following year.
Johnson observed Lloyd using educational
technology as an integral part of her teaching
practice. As a student teacher, she was able to
see firsthand what the pedagogical issues were
when using technology and to increase her own
pedagogical and pedagogical content knowl-
edge of educational technology.

On a few occasions, I observed Lloyd and
Johnson working with technology during their
planning period. At various times they dis-
cussed the cell biology activity, worked to solve
technical problems with the FlexCam, and
talked with me about software capabilities and
recommended activities for students. For the
most part though, technology knowledge was
shared through having joint use of curriculum
materials and working together to implement
new activities. In the course of preparing to
implement the cell biology activity, Lloyd took
the materials found and adapted by Johnson
and studied them at home. She then observed
Johnson teaching the materials and was able to
enact the activity herself. Although planning
time provided some opportunity for sharing
knowledge, it was more common for knowledge
acquisition to occur in the context of the
classroom.

DISCUSSION

Sharing Knowledge of
Educational Technology

As the basis for other forms of knowledge,
content knowledge is a vital component of the
knowledge base for teaching with technology.
In the case reported in this study, a student
teacher served as a source of content knowledge
for her mentor teacher, bringing to the site
knowledge of the existence of various techno-
logically infused activities. With her recent
teacher education experience and lifelong expe-
rience as a technology user, Johnson had at her
fingertips a breadth of technology knowledge.
Content knowledge of technology gives teach-
ers choices about what applications to choose
for their students (Betts & Frost, 2000); Johnson
was able to help her mentor by expanding her
awareness of the choices available when using
technology.

In line with reports in other studies (e.g.,
Hall, 1996), Lloyd was also a source of content
knowledge, sharing applications of which she
had become aware through sources at the
schools. In some instances, she had acquired
this knowledge through previous student
teachers as well as through more traditional
educational technology professional develop-
ment experiences. A factor seen in this study
that has not been reported elsewhere was the
mentor teacher’s integration of the content
knowledge brought in by her student teacher,
enriched by infusion with the pedagogical and
pedagogical content knowledge held by dint of
her classroom experience. In terms of sharing
knowledge, the pair brought to life the men-
toring envisioned by Lundeberg et al. (2001),
Knight and Albaugh (1997), and Loucks-
Horsley, Hewson, Love, and Stiles (1998).
Where those authors and others in the profes-
sional development literature focused on uni-
versity personnel and other readily identified
professional developers, this case showed that
student teachers and their mentors can each ful-
fill the role of mentor for the other, depending
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on the knowledge to be acquired and the abili-
ties of the participants. There are a number of
advantages to content knowledge sharing by
student teachers and their mentors; among
them are extended exposure to each other and
a shared context, both technologically and
instructionally.

Constant Access to Technology and
Its Impact on Technology Knowledge

Russell (1996) identified adaptation as a high
level of technology use. He drew a connection
between adaptation and “immersion in the situ-
ation” (p. 635). Constant access to technology
allowed Johnson to adapt curriculum materials
for use in her classroom. The access afforded by
a laptop was necessary but not sufficient to
encourage adaptation of materials. Length of
experience with technology and deeper content
knowledge were important as well. Even with
constant access, increases in knowledge take
time to accrue and manifest themselves as
increased capacity. There is a developmental
process of integrating educational technology
into practice (Gallo & Horton, 1994). Access to
technology when combined with experience is
a contributing factor to increased knowledge
and improved practice (Dwyer, Ringstaff, &
Sandholtz, 1991; Hannafin & Freemand, 1995).

The Foundational Nature of
Pedagogical Knowledge

General pedagogical knowledge (Shulman,
1987) is foundational and can be observed in
many decisions regarding practice with technol-
ogy. In this area, Lloyd took the lead. Her experi-
ence in the classroom gave her a store of pedagog-
ical knowledge from which to draw. As with
content knowledge, possession of a wealth of
pedagogical knowledge gave Lloyd not only
options but strategies for choosing among those
options.

Pedagogical knowledge is foundational to
educational technology teaching practice along
the following two axes: the general pedagogical
nature of teachers’ goals when using technol-

ogy and the relative sizes of the spheres of
teaching with and teaching without the use of
educational technology. Johnson and Lloyd
were for the most part following the President’s
Committee of Advisors on Science and Technol-
ogy Panel on Educational Technology (1997)
advice to teach with, not about educational tech-
nology. Their primary teaching goals were stu-
dent understanding of science content; secon-
dary goals included general teaching/learning
goals such as improving student motivation for
learning and scaffolding student social skills. To
achieve these goals, Johnson and Lloyd devel-
oped and applied general pedagogical strategies
drawn from throughout their teaching practice.
These strategies were employed when using
technology as this teaching was a subset of their
general teaching. Because the goals of their tech-
nology use were general teaching and learning
goals, it follows that general pedagogical strate-
gies would be employed.

Related to this is the issue of the relative infre-
quency of technology use. Only a fraction of a
teacher’s day is spent in settings in which he or
she uses technology to pursue teaching and
learning goals. The teaching practices that a
teacher develops are created throughout his or
her teaching practice, in whatever context he or
she finds himself or herself. It is not surprising
that the practices he or she develops for teach-
ing generally are also used when technology is
present. It would be much more surprising if his
or her teaching changed dramatically when
using technology. Although there are observ-
able differences and special strategies for teach-
ing with technology, general pedagogical
knowledge plays a crucial role.

Pedagogical Content Knowledge
of Educational Technology

Although pedagogical content knowledge is
a well-studied construct in the teacher educa-
tion literature (Fenstermacher, 1994), it has
received relatively little attention in the area of
educational technology. As I have defined it in
this study, pedagogical content knowledge of
educational technology arises from experiences
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in teaching with technology. It is a knowledge of
appropriate instructional strategies specific to
the implementation of technology-enhanced
learning activities. This definition is consistent
with the work of Kong and Kwok (1999), who
explored the pedagogical content knowledge
needed to teach with a piece of graphing soft-
ware, though this study is more broadly focused
than theirs. van Driel, Beijaard, and Verloop
(2001) wrote that pedagogical content knowl-
edge is “a transformation of the subject matter
knowledge, used by teachers in the communi-
cation process with learners” (p. 143). When
thinking about this definition in terms of educa-
tional technology, it is clear from this study that
teachers’ understanding of educational technol-
ogy is “developed through an integrative
process rooted in classroom practice” (van Driel
et al., 2001, p. 143).

At Madrid Middle School, development of
pedagogical content knowledge was based on
existing content and pedagogical knowledge.
Teaching experiences played a key role in its
development, with pedagogical content knowl-
edge generated in answer to teaching problems
that arose in situ. In addition, pedagogical con-
tent knowledge development was proximal
(Vygotsky, 1987); to understand the nature of a
teaching problem and work toward its solution,
thereby generating pedagogical content knowl-
edge, teachers required extant knowledge of
technology, authentic experience teaching with
the technology, and enough understanding to
derive new strategies, predict their likely effec-
tiveness, and make adaptations on first and re-
peated enactment.

The literature on pedagogical content knowl-
edge is largely domain based. Technology use is
not a domain and is generally construed to be in
service of domain-based instruction. However,
effective teaching with technology requires
knowledge that can be described independ-
ently of the domains. This article speaks to an
evolving sense (Keating & Evans, 2001; Wallace,
2000) that a teacher needs to know things about
technology use that are not technological con-
tent knowledge (e.g., which boxes connect with
which wire) and that are not general pedagogi-

cal knowledge (e.g., how does one go about
structuring activities for adolescents). Rather,
teachers have a special understanding of tech-
nology that allows them to teach effectively.

Implications for Teacher Preparation
in Educational Technology

There has been some progress since Willis
and Mehlinger (1996) wrote,

Much of the literature on information technology
and teacher education could be summarized in one
sentence: Most preservice teachers know very little
about effective use of technology in education.
(p. 978)

In the present study, Johnson entered her
teacher preparation program with prior knowl-
edge of technology, especially as it concerned
applications that were of personal benefit to her,
such as e-mail. As teacher preparation moves
forward, continuing attention needs to be paid
to students’ prior knowledge. At the same time,
increasing teacher salaries and a pressing need
for new teachers will bring more older, second-
career students into teacher education. At East-
ern Michigan University, the number of such
students has increased by 53% in the past 3
years (Lancaster, 2002). Some of these students
will lack the technology skills of their younger
counterparts, leading to an educational version
of the digital divide (Clinton, 1998) based in
part on the age differences among prospective
teachers. Attention to the promise of the student
teaching placement in preparing preservice
teachers to use technology in their practice will
be of benefit to both of these groups. Younger
students will have the opportunity to see first-
hand how their technological content knowl-
edge can be employed in the classroom setting.
Nontraditional students bring with them expe-
riences that may serve to mitigate against a lack
of technology content knowledge, giving them
opportunities to apply their experience to peda-
gogical settings.

Regardless of student age or prior technology
experience, the student teaching placement is a
source of pedagogical knowledge and a site for
exploring mentoring relationships (Easdown,
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1994). Teacher preparation in educational tech-
nology has traditionally focused on either
standalone university coursework or technol-
ogy infused into teacher education courses such
as educational psychology or teaching meth-
ods. To capitalize on the benefits accruable in K-
12 settings, teacher preparation programs
should incorporate field experiences. As
preservice teachers move into their student
teaching placements, attention should be paid
to the technology available in those placements
and to intentionally linking university prep-
aration with the opportunities that students
are likely to encounter. This is in line with
constructivist principles of teacher education.
Richardson (1997) observed that constructiv-
ism describes not how teacher education stu-
dents should learn but in fact how they do
learn. Meaning is constructed based on the
intersection between learners’ existing knowl-
edge and their experiences. From the stand-
point of acquiring knowledge of educational
technology, a constructivist perspective would
argue that opportunities for authentic experi-
ences are a necessary condition for learning to
occur.

In a later work, Richardson (in press) wrote
about the difficulty of adding more coursework
to already crowded teacher education pro-
grams. This is a valid criticism—the pressure to
add more coursework comes from a variety of
sources urging that teachers should know more
about topics ranging from women’s studies to
the traditional canon to education of students
with severe disabilities. At the same time, the
pressure to remove coursework is also consider-
able, arising from a pragmatic and political
need for more teachers in the workforce as well
as ever-increasing competition to traditional
teacher preparation from for-profit institutions
and alternative certification programs. Mind-
fulness of the opportunities for student teachers
to acquire knowledge of educational technol-
ogy in their student teaching placements
affords teacher education the opportunity to
capitalize on an authentic learning environ-
ment without adding to the already large bur-
den of coursework faced by teacher education
students.

Implications for
Professional Development

In general, professional development in edu-
cational technology lacks an empirical or theo-
retical basis and is in need of a more theoreti-
cally grounded approach (Fishman & Marx,
2001). Although this dissertation study was not
a professional development effort per se, the
participants made mutual gains in educational
technology knowledge and the mentor teachers
unanimously felt that our work together consti-
tuted professional development for them. By
being situated entirely in context, the work of
the student teachers, mentor teachers, and
myself together was pedagogically aligned
with the teaching goals of Madrid Middle
School’s written and enacted curricula. Both
longer time frame and awareness of classroom
context are useful for professional development
(Cognition and Technology Group at Vander-
bilt, 1996). Viewing student teachers as profes-
sional development partners gives the oppor-
tunity for extended contact and immersion in
context.

CONCLUSION

Use of educational technology is becoming
more evident in American schools (Glennan &
Melmed, 1996). Every year, more schools are
becoming connected to the Internet, more com-
puters are finding their way to classrooms, and
more parents are demanding that technology be
included in their children’s education. The abil-
ity to incorporate the use of educational tech-
nology into the broad spectrum of teaching and
learning, once the province of a few dedicated
enthusiasts, is becoming a substantial require-
ment for new teachers.

The use of technology in education is being
embraced in part because it is associated with
the implementation of reform-oriented teach-
ing and learning practices (Means & Olson,
1995a, 1995b). Teacher preparation and devel-
opment plays a crucial role in helping teachers
to use technology for these reform-oriented
purposes (Willis & Mehlinger, 1996). Research
also supports a link between teacher prepara-
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tion and enhanced student achievement. Stu-
dents of teachers who have had professional
development in technology use and whose
teachers use technology for teaching higher
order thinking have higher levels of achieve-
ment than students whose teachers have not
been prepared or who do not stress higher order
thinking (Wenglinsky, 1998). Because teacher
professional development is associated with
enhanced student performance, it follows that
teachers increase their knowledge through such
development. Knowledge forms the basis of
rational decision making (Borko & Putnam,
1996; Bransford et al., 1986), allowing teachers
to pursue fruitful courses of action.

NOTE
1. All participant and place names are pseudonyms.
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