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The Problem

A growing challenge in education is es-
tablishing and implementing strategies
to develop the skills and knowledge
necessary for teachers to effectively use
technology as an instructional tool. The
importance of professional develop-
ment for teachers is emphasized in the
No Child Left Behind Act, which re-
quires that 25% of state federal tech-
nology funding be allocated for profes-
sional development and that such
professional development be research
based. This act also states that the im-

pact of professional development on
the effective integration of technology
into curriculum and instruction be
documented.

Surveys consistently show that
teachers are interested in technology,
but need increased opportunities to
develop their capacities.

* Only 20% of teachers consider
themselves well prepared to use tech-
nology in their classes. A 1999 re-
port from the National Center for
Education Statistics (NCES) reports
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that 66% of teachers who received
more than 32 hours of technology-
related training felt well to very well
prepared to use technology in their
classrooms (NCES, 2000a). The
percentage who felt well to very well
prepared to use technology dropped
to 34% for those who received from
9 to 32 hours and to 24% for those
who received less than 9 hours of
technology-related professional
development.

* Technology in schools is a rapidly
increasing education resource. Com-
puters are available in almost every
classroom in the United States, with
98% of schools and 77% of class-
rooms connected to the Internet.
Teachers are consistently reporting
an increased need for professional
development to enable them to ef-
fectively use this resource to improve
student learning (NCES, 2000b).

* At least 84% of teachers believe that
computers and access to the Internet
improve the quality of education,
but two-thirds report that the
Internet is not well integrated into
their classes (NetDay, 2001).

Research-Based Solutions
CARET has assigned a high priority to
the challenge of informing educators
about the most effective strategies for
planning and delivering professional
development to teachers. This is based
on a survey and focus group of educa-
tors who identified and ranked 9 topics
and 45 related questions for CARET
to address. The second highest ranking
topic, after student learning, was pro-
fessional development related to the
use of technology. (Student learning
was discussed in L&L 29[8].)

A careful review of studies shows
that more than the specific technology
or software used, the context in which
technology is applied is critical to the
educator. The extent to which teachers

are prepared to infuse technology into
curricula and instruction is a major
contextual factor. This finding is con-
sistent over the past 15 years and is
the major reason the U.S. Congress

is requiring that states allocate at least
25% of federal technology funding to
professional development.

Currently, CARET has reviewed
and summarized 26 studies, surveys,
and reports related to professional de-
velopment. As new studies emerge,
CARET reports will be updated. The
questions addressed in this review are:

« Which models or strategies are effec-
tive for preparing new teachers to in-
tegrate technology?

» How can national, state, and local
teacher technology standards be met?

« Which strategies build teacher confi-
dence and interest in technology?

e What can school leaders do to en-
able teachers to make effective use
of technology?

(Editor’s note: See the Checklist of
Indicators online supplement at
www.iste.org/L&L for a list of indica-
tors to consider when planning, imple-
menting, and evaluating professional
development programs.)

Research Findings and
Implications for Educators

Question 1. Which models or strategies
are effective for preparing new teachers
to use and integrate technology?

Answer: Demonstrate infusion of tech-
nology into instructional practices. Re-
quire that college faculty use technology
in their courses as a learning and teach-
ing tool.

Research Windows

Preservice elementary teachers
learn technology integration
strategies by working with and
observing practicing teachers and
students while they use technology
(Abbot & Faris, 2000).
Technology use in K-12 class-
rooms increases if preservice
teachers use technology in their
own learning, for example, in
preservice course assignments

and activities (Goldberg &
Sherwood, 1983; Willis &

Raines, 2001).

Schools of education can model
best practices for new teachers by
preparing their faculty to infuse
technology throughout the curricu-
lum (International Society for Tech-
nology in Education [ISTE], 2000).
Education faculty should integrate
technology applications into
preservice teacher assignments and
field activities so that new teachers
have opportunities to acquire tech-
nical skills and practice instruction-
al strategies (CEO Forum, 1999;
Goldberg & Sherwood, 1983).
For their practice teaching assign-
ments, preservice teachers should
be placed with teachers who are
exemplary users of technology
(Abbot & Faris, 2000).

Courses in teaching methods

can incorporate content from
general education courses to
promote technology infusion
across the curriculum (ISTE,
2000).

Schools of arts and sciences can
incorporate technology to model
teaching with technology in con-
tent areas (ISTE, 2000).

A careful review of studies on the effects of technology
shows that more than the specific technology or software
used, the context in which the technology is applied is most

critical to the educator.
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Education faculty should integrate technology applications
into preservice teacher assignments and field activities so
that new teachers have opportunities to acquire technical
skills and practice instructional strategies

Question 2: How can national, state,
and local teacher technology standards
be met?

Answer: Integrate technology standards
with professional development at state,
regional, and local school sites.

The research provides a spectrum of
practices for enabling teachers to meet

technology proficiency standards:

Technology standards can be met by
integrating them with school-site
professional development (ISTE,
2000; U.S. Congress, Office of
Technology Assessment [OTA],
1995).

Incorporation of the ISTE NETS
Performance Indicators for Teachers
into professional development of
practicing teachers as well as into
teacher-preparation courses may in-
crease the probability of meeting
educational technology standards
(ISTE, 2000).

Use of technology standards in the
classroom is supported when teach-
ers are provided with information
and professional development on
how to analyze and select electronic
learning resources that align with
and support state and national in-
structional content standards
(Beuthel & Cradler, 2000).
Opportunities for teachers to de-
velop their own computer skills
correlates with enhanced student
achievement (Mann, Shakeshaft,
Becker, & Kottkamp, 1999).
Intensive and ongoing staff develop-
ment that provides opportunities for
modeling, practice, and reinforce-
ment of technology use with cur-
ricula should be linked to curricu-
lum goals and objectives from the
onset of technology implementation

efforts (Roschelle, Pea, Hoadley,
Gordin, & Means, 2000).

A school’s capacity to change can
increase when technology training is
embedded in an overall reform effort
(Roschelle et al., 2000).

Visual literacy skills should be mod-
eled for preservice teachers so they
learn to decode and encode images

to the success of innovative uses of
technology (Zhao, Pugh, Sheldon,
& Byers, 2002).

e Considerable time for collaborative
learning and practice is required for
teachers to gain confidence in using
technology (Coley, Cradler, &
Engel, 1997; Cradler & Cradler,
1995; OTA, 1995).

« Participation in professional associa-
tions and sharing with colleagues
within and beyond one’s school con-
tribute to increased confidence and

motivation for using technology and

for selecting, designing, and evaluat-
ing digital resources, and to model
and teach these skills to their own
students (Mann et al., 1999; Roblyer
& Bennett, 2001).

 Education faculty can benefit from
reduced course loads in order to
learn to integrate technology into
preservice teacher activities and as-
signments (Slowinski, Anderson, &
Reinhart, 2001).

Question 3. Which strategies build
teacher confidence and interest in
technology?

Answer: Being mentored by an experi-
enced teacher who is proficient with
technology, sufficient time for collabora-
tive learning and practice with technol-
0gy, active participation in professional
meetings, and use of computers at home
by teachers.

Twelve studies reported similar
trends in the effectiveness of strategies
for increasing teacher confidence and
motivation to use technology:

 Preservice and practicing teachers
and education faculty benefit from
observing and working with men-
tors who are experienced using tech-
nology with standards-based cur-
ricula (Abbot & Faris, 2000).

e Mentors who can help teachers
adapt technology applications to
their classroom needs are important

correspond with increased use of
learner-centered instructional strate-
gies (Becker & Riel, 2000).

» Home computer use builds teacher
motivation and confidence for infus-
ing technology into the classroom
(Becker, 1999).

* Preservice teachers should be clus-
tered in groups of 8 to 12 to con-
duct course assignments and to re-
view practice teaching experiences
(Abbot & Faris, 2000).

» Teachers need ready access to tech-
nology while they plan, along with
flexible scheduling for team teaching
and for learning to use technology
during the school day (Honey &
McMillan, 1996).

 Teachers need long-term profes-
sional development to adapt and
infuse curricula with technology
(Wetzel, 2001a, 2001b; Wetzel,
Zambo, Buss, & Padgett, 2001).

» The frequency, breadth, and depth
of collaboration with colleagues in-
fluences the instructional context
and the quality of technology use
(Becker & Riel, 2000).

Teachers should be encouraged to use
computers at home to learn at their
own pace, pursue their own interests,
and gain an understanding of the range
of technology applications that can be
used in the classroom.
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Question 4:What can school leaders do
to enable teachers to make effective use
of technology?

Answer: Customize professional develop-
ment programs to address teacher’s
needs, allocate needed computers and
connectivity in the classroom, use tech-
nology in their own work and in commu-
nication with teachers, and commit funds
to support teacher involvement in deci-
sion making.

Five studies identify strategies for
school leaders to support and reinforce
the exemplary use of technology with
curricula:

« School leaders can support on-site,
just-in-time learning by tailoring
professional development to the per-
ceived needs and curriculum goals
and objectives of individual teachers
(Cradler & Cradler, 1995).

» School leaders can allocate resources
for at least four networked and
Internet-connected computers in
each classroom (Becker, 1999).

* School leaders need to model the use
of technology in their work in order
to encourage and reinforce the class-
room infusion of technology by
teachers (CEO Forum, 1999).

« School leaders need to support tech-
nology policies that provide teachers
easy access to technology resources
and professional development op-
portunities (Zhao et al., 2002).

« School leaders can enable teachers
to observe practices in other districts
and states and to make recommen-
dations for new practices based on
their observations (OTA, 1995).

Future Directions

This article has summarized and offered
conclusions for a limited amount of
formal research on professional devel-
opment. Much of the information used
to guide professional development is
based on the experience of educators
and has not been formally tested
through research. CARET staff are
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finding that most research addresses
very specific questions but does not test
aspects of major initiatives, such as the
application of standards for both teach-
ers and students. CARET has not
found any studies that actually measure
the differential affects of specific profes-
sional development strategies on spe-
cific changes in teaching and learning,
and we believe this is an important area
to study. We welcome input from any-
one on this and other topics related to
technology in teaching and learning
and encourage readers to access http://
caret.iste.org and provide such input.
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What are your experiences with integrating technology?

How do you find research-based solutions to your problems?

What questions do you need answered?
Send a letter to L&L editor, Kate Conley, at letters@iste.org.
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