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ASSESSING THE IMPACT OF IT-DRIVEN EDUCATION IN K-12 SCHOOLS

FOREWORD

May 2005

On behalf of the IBM Center for The Business of Government, we are pleased to present this report,
“Assessing the Impact of IT-Driven Education in K-12 Schools,” by Ganesh D. Bhatt.

Return on investment (ROI) considerations in K-12 education are new and evolving. In the 1980s after the
issuance of the report A Nation At Risk, school districts scrambled to respond to the inadequacies identified.
The education establishment unleashed new programs, teacher salaries increased, per-pupil spending increased,
and public expectations for public education increased. The results of these responses were mediocre at
best. The missing element was the investment in programs that had proven success rates. In fact, school dis-
trict leaders didn’t know how to assess return on investment and had no methodology for analysis. Perhaps
most importantly, the culture of the education establishment in America was unwilling to accept this “private
sector” type of business analysis.

In the late 1990s, school districts raised standards in an effort to demonstrate rigorous academic change.
Again, the essential consideration for success, allocating vital resources to programs that have demonstrated
success, was elusive. To be sure, some school districts and states began to assess spending efficacy as tax
rates increased and the recession of the early 2000s took hold. With scarce funding and the failure of addi-
tional investments in the 1980s and 1990s to increase student test scores, as well as greater student needs,
the time had arrived for serious consideration of which programs worked at what costs—return on investment.

The analysis of ROI in education is fundamental in the management philosophy and application of data-driven
decision making. School leaders must know which programs deliver the biggest value for the dollar spent in
order to target funding where it is needed most. As this report was being written, most school districts across
America continue to make decisions on spending in a void—without consideration of what learning gains
will be realized from each taxpayer dollar invested. Yet, with the advent of data-driven decision making and
public pressure on funding streams, school district leaders are demanding to know how investments will
increase—or facilitate an increase in—student achievement.

This report details a methodology that may be used to assess educational return on investment, in particular
in the area of technology investments. School leaders must take ROI into consideration before allocating
taxpayer funds to technology and other program support materials. A process for gainfully considering ROI
is investigated and used effectively in this report.

IBM Center for The Business of Government
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IT spending in school districts is more than just hardware and software; it should be targeted spending

to achieve measurable learning results. This report begins to tackle this challenge and drive the discussion
of IT spending toward achievable ROI. We trust that it will be helpful and useful to school administrators
and teachers across the nation as they continue to address this important question.

Paul R. Lawrence Robert M. Barthelmes
Partner-in-Charge Education Industry Leader

IBM Center for The Business of Government IBM Business Consulting Services
paul.lawrence@us.ibm.com rbathel@us.ibm.com

www.businessofgovernment.org
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EXECUTIVE

SUMMARY

Technology has always been a vital part of human
civilization. At the present time, however, the use
of technology, especially information technology
(IT), has become pervasive, affecting almost every
human activity. As a growing number of research-
ers and policy makers are realizing that IT can have
profound effects on our educational systems, many
educational institutions are using IT to standardize,
deliver, and create instruction. In addition, some
institutions are replacing face-to-face interactions
between teachers and students through computer-
mediated systems.

Even after realizing that IT plays a pivotal role in the
education system, there are serious concerns among
educational scholars and other community leaders
about the effectiveness of IT in education—especially
for K12 schools. There are three reasons for these
concerns. First, for more than two decades, it has
been widely known that IT per se is of little use if

it is not managed properly. Second, economists and
the research community find difficulties in quantify-
ing the returns from IT investments for K-12 schools.
Finally, some policy makers and community leaders
believe that for K-12 schools, technology often
begins to dominate instruction and learning, thereby
defeating the very purpose of education. Therefore,
it becomes essential for school administrators and
policy makers to carefully evaluate the mission, objec-
tives, and strategies of their school before embarking
on the application of IT-based instructional projects.
Moreover, in implementing such projects, the policy
makers and administrators must carry out a thorough
assessment of the learning goals and outcomes. In the
absence of a coherent alignment between educa-
tional strategy and IT strategy, the effects of [T-based
instruction for the school are likely to be negligible.

IBM Center for The Business of Government

The main aim of this report is to address the effects
of IT-based instruction on K-12 schools and devise
a set of meaningful indicators for measuring the return
on IT investment for schools. Our research sample
consists of a group of 20 students, teachers, and
principals involved in [T-based educational initiatives
at K-12 schools in the state of Maryland. The sam-
pling frame was selected at the local school level
rather than at the state level, because the key stake-
holders—students, teachers, and principals—can
provide a better assessment of the IT-based instruc-
tion at the schools than the policy makers at the state
level. The students, teachers, and principals are
directly involved in the process, while policy makers
often draw broad normative conclusions about the
effects of IT on the educational system.

Although the current report specifically focuses on
K-12 schools in Maryland, the findings presented
will be fruitful for K12 schools in other states that
are planning to assess the effectiveness and competi-
tive potential of IT-based instruction.
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Introduction

Organizations have traditionally used IT for automa-
tion purposes; however, IT is increasingly now being
used for “informating” as well as transformation pur-
poses. A plethora of recent research suggests that
the use of IT for automation does not offer any sig-
nificant competitive advantage to the organization,
unless it is carried out in conjunction with wide-
spread changes in organizational structures, policies,
and processes that are required to capitalize on IT
capabilities. Therefore, the main issue for organiza-
tions becomes understanding the strategic potential
of IT for competitive advantages (Ehrmann, 1989;
Zuboff, 1988).

Seeing that IT can be used for automation purposes,

a number of educational system administrators showed
considerable interest in catering to the educational
needs of busy, full-time working adults through dis-

A note about terminology: In this report, the
terms technology and information technology
(IT) are used interchangeably, even though
technology is the broader term. /T-based
instruction involves teaching in which a signif-
icant part of the instruction is prepared and
delivered through the use of computer hard-
ware and software. Typically, [T-based instruc-
tion makes use of instructional databases for
accessing and presenting instructional material
through text-only, audio-only, text-audio, text-
graphics, and/or a combination of text, audio,
and graphic multimedia. Presently, the grow-
ing use of the Internet has offered teachers the
flexibility to customize instructional material
and match different kinds of presentation media
for meeting students” personal educational needs.

tance education. The main motivation of these institu-
tions was limited to automating the preparation and
delivery of instructional content for the students.

The concept of distance learning did not gain much
popularity in the United States until the 1990s. But
with the rise of the Internet and multimedia technol-
ogies, the practice of distance learning is gaining
momentum. Although the practice of distance learn-
ing is useful for working adults, its potential for stu-
dents at K12 schools is not being explored in detail.
Because the main aim of educating through distance
learning centers on the automation of instructional
content, it is the opinion of this author that the use
of IT for automation will not provide any significant
value to the stakeholders at K-12 schools. Rather,
the aim of the K-12 schools should be to capitalize
on the strategic potential of IT so that they generate
and deliver significant value for the stakeholders.

The results of studies examining the strategic poten-
tial of IT-based instruction for K-12 schools are mixed.
For example, Bednar, Cunningham, Duffy, and Perry
(1992) argue that IT has significant potential in
enhancing the quality of instruction. They posit that
the use of simulations and IT-based interactions can
provide students a better understanding of the
behavior of a complex object. Moreover, IT allows
students the opportunity to gain access to educational
material outside of their school library. Davey (1999)
sees immense potential in the use of the Internet,
bulletin boards, and chat rooms to allow direct and
timely interactions between students and teachers at
the K-12 level. Similarly, Valdez, McNabb, Foertsch,
Anderson, Hawkes, and Raack (2000) note that suc-
cessful implementation of technology can have sig-
nificant impact on the quality of education—through
close interactions between teachers and students.

www.businessofgovernment.org
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Some studies have looked beyond academic skills
in identifying the role of IT-based instruction. These
studies indicate that IT-based instruction enhances
student motivation, self-confidence, and self-esteem
(Sivin-Kachala and Bialo, 2000). These intangible
traits are considered critical for the future success
of the students.

On the other hand, LeFevre’s (1999) findings show
that IT does not provide long-term remedies for the
educational system. According to LeFevre, the big-
gest stumbling block that some schools encounter

is the lack of resources required for the implemen-
tation and maintenance of IT, because funding
technology is an expensive endeavor for schools.
Moreover, schools are required to pay for continued
upgrading of equipment and technology so that they
can keep up with technological advances. Second,
[T-based instruction requires teachers trained in the
use of technology. In the absence of teachers trained
in the application of technology, IT-based instruction
is likely going to be ineffective. Wenglinsky (1998)
takes a somewhat different view in reporting that
black and Latino students, as compared to white and
Asian students, lag significantly behind in tasks that
involve computer simulations and require higher-
order thinking. He argues that that fact does not
clearly support the notion that technology-based
educational instruction is superior in quality to
instruction that is delivered traditionally by teachers
in a classroom setting.

To resolve these contradictory findings, this study
was conducted at the school level to provide

a better and rich assessment of the effectiveness
of IT-based instruction. The goals for the study
were twofold: (1) to critically examine the effec-
tiveness and benefits of IT-based instruction; and
(2) to devise meaningful indicators for measuring
the return from IT investment in K-12 schools.

Scope of the Study

The main focus of this report is to describe the current
status of IT-based instruction at K-12 schools in the
state of Maryland. The report examines the benefits,
challenges, and problems of IT-based instruction faced
by K-12 schools in Maryland. Though the description
of the effectiveness of [T-based education and indica-
tors for measuring the return from IT-based instruction
for K-12 schools is limited to Maryland, these findings
can provide substantial guidelines to policy makers

IBM Center for The Business of Government

across the country to understand how IT-based
instruction can be integrated with the mission, objec-
tives, and strategy of schools and how K-12 schools
can gain returns from their IT investment, undertaken
for instructional purposes.

Background of IT-Based Instruction
in Maryland

In the mid-1990s, Maryland embarked on a path for
the effective utilization of technologies for its K—12
schools. Over the years, K-12 schools have gained
considerable expertise in utilizing IT infrastructure
for educational purposes. However, the state is fac-
ing several challenges that arise from the islands of
disparate IT systems. For example, presently, Maryland
has three kinds of disparate systems: legacy systems,
newer systems, and those acquired specifically for
instructional purposes. Integrating these systems has
not been easy. The state is also facing problems in
creating and acquiring useful “digital contents” that
could be used to challenge students in the areas of
problem solving, creativity, and higher-order critical
thinking (Willis, Thompson, and Sadera, 1999).

In a recent three-year plan for 2002-2005, the state
defined its core vision in the following terms:

Improved student learning will be achieved
through the seamless integration of technol-
ogy into Maryland Schools. The use of tech-
nology, and the digital contents that it brings,
will create dynamic and challenging learning
environments that engage and motivate our
students, enabling all to be independent,
competent and creative thinkers, and effec-
tive communicators and problem solvers.

In addition, improved planning, monitoring
and productivity will result from the use of
information systems by teachers and those
who administer and manage classrooms,
schools and school programs. (Maryland
State Department of Education, 2002)

In order to achieve this vision, the state formulated
five objectives (Maryland State Department of
Education, 2002):

e Universal access to technology

e Hiring of technology-savvy teachers who can effec-
tively integrate technology into their classrooms
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e Seamless integration of technology and digital
content into all classrooms for challenging stu-
dents’ critical thinking

* Integration of technology in school administration
and operations

e Continuous improvement in the use of technology
for instructional purposes

Although these objectives are exemplary for enhanc-
ing the quality of education, there has been a dearth
of studies that clearly describe the achievements and

challenges that schools at the state level are currently
facing (for example, Sveiby, 1997).

Outcomes of the Study

One of the primary outcomes of this study is to pro-
vide a more realistic understanding of IT-based
instruction for K-12 schools in Maryland. State offi-
cials often look at broader issues with a normative
lens, without recognizing the implications of their
conclusions at the local school level. Therefore, it
becomes imperative that in order to get a fair assess-
ment of IT-based instruction, one needs to conduct
research at the local school level. This study does
so. By focusing at the school level, the research find-
ings provide a better description of the benefits,
challenges, and problems faced by school adminis-
trators in preparing and delivering effective IT-based
instruction to students.

Second, this study devises a set of indicators for
measuring the contribution of [T-based instruction
for K12 schools. A basic framework to measure
both the financial as well as non-financial returns
from IT investment, undertaken for instructional pur-
poses, is provided. A thorough understanding of the
returns from IT investment is likely to offer policy
makers broad guidelines in the implementation of
[T-based instructional projects (Sveiby, 1997). Finally,
recommendations are offered that briefly explain
how K-12 schools can effectively utilize IT-based
instruction and how they can measure the returns
from their investment in [T-based projects that are
undertaken for instructional purposes.

www.businessofgovernment.org
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Defining IT-Based Instruction

10

In the traditional educational system, technology
played a supporting role in clarifying instruction and
creating a learning environment. For example, audio
and visual systems have traditionally been used to
supplement instruction and enhance learning in the
schools. However, presently, technology has become
an integral part of the education system, and [T-based
instruction is increasingly being used to replace
traditional instruction. In addition, face-to-face inter-
actions between students and teachers are being
substituted with computer-mediated interactions.

For instructional purposes, two types of IT applica-
tions typically are used: computer-aided instruction
(CAl) and computer-managed instruction (CMI). CAl
is a more mechanical process in which students
interact directly with the computer that controls the
instructional material and provides feedback to the
students. Drill and practice software are examples of
CALl. On the other hand, CMl is used to augment and
complement teachers in managing their instruction
and instructional material. Cognitive Tutor software
such as Carnegie Learning’s problem solving and
simulation software for decision analysis are exam-
ples of CMI (Heinich, Molenda, and Russell, 1993).
Leidner and Jarvenpaa (1995) provide a comprehen-
sive scheme of IT-based instruction and related ped-
agogical assumptions as shown in the Appendix.

Differentiating between CAl and CMI is becoming
difficult, because teachers are increasingly using
integrated IT systems, encompassing both CAl and
CMI—audio, video, computers, and multimedia—
for preparing and delivering instructional material
to students. Communication tools such as e-mails,
networking, and online discussions and chat rooms
have flourished, allowing students and teachers to
collaborate and share information.

IBM Center for The Business of Government

By recognizing that IT-based instruction can be sub-
stituted for traditional instruction, a growing number
of schools are advancing the concept of “learning

networks” composed of computers connected through
some shared databases developed for educational

purposes. These networks provide students opportu-
nities to acquire and analyze real-world data and inter-
pret their properties. In recent years, with the growing
popularity of the Internet and graphical user interfaces
(GUI), technologies that contain hypermedia solutions,
simulations, and decision support capabilities are

increasingly being used to enhance student learning.

Defining Learning Theories

Instruction and learning are intertwined. Instruction
refers to the arrangement of information that facili-
tates learning (Heinich, Molenda, and Russell, 1993:
4); learning refers to the acquisition and application
of new knowledge, skills, and behavior. The instruc-
tional tools that teachers use encompass a whole
range of methods, media, and means that help guide
the learner’s study. The research has broadly defined
learning theories in the following three categories.

Behaviorism

Behaviorism focuses on obijectively observable behaviors

and does not emphasize the role of mental activities.

According to behavioral theorists, learning is nothing

more than the acquisition of new behavior. Thus, behav-
iorists identify conditioning as a universal learning pro-
cess (Skinner, 1976). This theory is simple to understand
because it relies only on observable behaviors.

Cognitivism

Cognitive theorists argue that a large part of learning
takes place through the reshaping of mental schemata.
Like behaviorism, cognitivism acknowledges the
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importance of reinforcement, but stresses the role of
feedback about the correctness of the responses (Piaget,
1990). This approach argues that meaningful infor-

mation is easier to learn, remember, and assimilate.

Constructivism

Constructivists argue that learners construct their
own reality based upon their perceptions and expe-
riences; therefore, knowledge becomes a part of
personal experience, mental structures, and beliefs
that are used to interpret objects and events (Vygotsky,
1962). Constructivists do not ignore the objective,
physical world, but they argue that much of the real-
ity is construed, interpreted, and shared through per-
sonal experience and self-interpretation.

Learning Theories and IT-Based
Instruction

In addressing the question of the relationship
between learning and instructional design method-
ologies, the importance of learning theories becomes
evident. For example, both behaviorism and cogni-
tivism are governed by an objective view of knowl-
edge, so instruction becomes the chief means of
transferring knowledge from teachers to students.

Designing instruction from a behaviorist or cognitiv-
ist perspective is simple and straightforward, because
the teachers analyze the task at hand and set the learn-
ing goals and outcomes. In order to deliver instruc-
tion effectively, the teachers decompose complex
tasks into meaningful chunks that students can mem-
orize and absorb mentally. The instructors decide
the importance of the subject area and the content
to be covered for the students (Jonassen, 1993).

On the other hand, according to constructivism,
knowledge is considered relative, and is construed
and shared through personal experience and mental
schemas. Therefore, in designing instruction from

a constructivist’s perspective, teachers become more
like facilitators rather than controllers of the knowl-
edge transfer. In this perspective, the aim is for stu-
dents to take initiative in learning and knowledge
discovery. Thus, the content of the instruction is not
pre-specified; the direction and pace of learning are
governed by the students (O’Loughlin, 1992).

These arguments can also be used for the prepara-
tion and delivery of IT-based instruction for K-12

schools. From a behaviorist/cognitivist perspective, the
main purpose of IT lies in automating most teacher-
centered instruction. From this view, not only is instruc-
tional material broken down into standard digital
modules, but also instruction is delivered through
communication systems. In extreme cases, meaning-
ful face-to-face interactions between students and
teachers are replaced through computer-mediated
interactions. Although not every activity is amenable
to automation, in the behaviorist/cognitivist perspec-
tive, attempts are made to transform unstructured
educational activities into standard sets of routines
that can be captured and delivered through IT.

[rrespective of the application of technology in the
instruction, the teachers maintain control of the con-
tent and the pace of the instruction. This is because
the main purpose, according to the behaviorist/
cognitivist perspective, is the transfer of knowledge
from teachers to students. By structuring digital
modules in specified standard ways, the teachers
attempt to organize knowledge coherently so that
students can mentally grasp chunks of the subject
material in a meaningful way.

From a constructivist approach, the main function of
[T-based instruction is to create an environment that
engages students in self-learning, knowledge discovery,
and creativity. The use of hypermedia, which allows
students to jump on various topics nonlinearly, and

the application of simulation, which provides students
opportunities to look at and observe a design from

different perspectives, are considered effective kinds of
[T instructional methods from a constructivist approach.

It is the opinion of this author that there should not
be a “separation” between the behaviorist/cognitivist
and the constructivist approach in delivering IT-based
instruction to students at the K-12 level. Rather, it is
argued here that IT-based instruction should be pre-
pared and delivered by recognizing the importance
of all three approaches in parallel. Though the
behaviorist/cognitivist perspective offers useful guid-
ance in structuring information into meaningful
chunks, it also restrains students’ self-discovery and
self-reflection. On the other hand, although the con-
structivist perspective is conceptually sound, a self-
paced learning and knowledge discovery approach
may not be most suitable for all students at K-12
schools, because a majority of students do not nec-
essarily know the foundation, importance, and rele-
vance of the subject material.

www.businessofgovernment.org
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A meaningful way for making IT-based instruction
more effective would be to apply the behaviorist/
cognitivist approach as well as the constructivist
perspective in steps. From grade 6 to grade 10,
[T-based instruction should be prepared from the
behaviorist/cognitivist perspective. Structured and
organized digital content often encourages students
to strive to do their best, and teachers can carefully
monitor students’ performance. Beyond grade 10,
[T-based instruction can be prepared according to
constructivism theory, because at this level students
begin to show curiosity and interest in different
areas of the subject material. Therefore, IT-based
instruction from a constructivist approach is likely
to offer students the opportunity to locate and reflect
on information. Even with the use of this approach,
occasional guidance and direction from instructors
is critical so that students do not simply wander
around in the technological arena of voluminous
databases.

This approach is similar to that of Culp, Hawkins,
and Honey (1999), who posit that while drill and
practice software are used for rote learning, inte-
grated software can be used to organize and analyze
information for solving and interpreting complex
problems. Therefore, the main issue becomes ensur-
ing that students are offered customized IT-based
instruction to match their skills.

This report builds on interviews and informal discus-
sions from a group of 20 students, teachers, and
principals involved in [T-based initiatives for K-12
schools in Maryland. The interviews were held infor-
mally, because the main purpose was to understand
local stakeholders’ views about the effectiveness,
challenges, and returns from [T-based instruction in
their respective schools (Kerr, 1994). Interviews were
transcribed and analyzed based on the core themes.
Where ambiguities existed, follow-up informal dis-
cussions were carried out for further clarification

of the stakeholders’ views.

12 IBM Center for The Business of Government
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Findings

Teacher IT Training and the
Effectiveness of Instruction

Finding 1: Faculty training in the application
of IT will positively affect the effectiveness

of instruction for K-12 schools.

Based on the interviews and discussions with teachers,
students, and principals, it was found that almost all
faculty members, students, and principals agreed that
“technology” in itself is not a magic wand to increase
the effectiveness and quality of education in schools.
The use of IT for instructional purposes is important,
but mere availability of IT does not automatically lead
to better education and critical thinking. To realize the
benefits of technology, having technologically knowl-
edgeable and skilled teachers is crucial. Only trained
teachers are in a position to create useful digital con-
tent and deliver it efficiently to students.

Despite the fact that faculty training is an impor-
tant component of IT-based instruction, the state

of Maryland has not paid much attention to it
because training requires investment. As one prin-
cipal recalled, “Although Maryland is making huge
investments in the acquisition of IT for instructional
purposes, it pays scant attention to faculty and
student training. Because training is an intangible
concept, policy makers consider it as an adminis-
trative expense rather than a part of the IT invest-
ment.” This point was further elaborated by another
principal: “This means an investment must be made
by schools in faculty training. However, the limited
resources and budget that we receive is spent in
maintenance and upgrading of the systems. Training
is always on our agenda, but it never gets priority.”

Despite the fact that teachers are challenged to gain
expertise in the use of technology for instructional

purposes, they have not been provided sufficient
resources and incentives for training. Teachers

report several issues that present barriers to their
use of educational technology. Some of these issues
relate to release time for professional development
and for learning how to use computers and apply
the technology.

Major Findings

1. Faculty training in the application of IT will
positively affect the effectiveness of instruction
for K12 schools.

2. A proper combination of IT-based instruction
and traditional instruction will positively affect
the quality of learning for K—12 students.

3. A technology-integrated curriculum will posi-
tively affect student engagement in learning.

4. A proper combination of IT-based instruction
and traditional instruction will positively affect
the competitiveness of K-12 schools.

5. A proper combination of IT-based instruction
and traditional instruction will positively affect
the return on IT investment for K-12 schools.

6. IT-based instruction, when properly combined
with traditional instruction, will positively
affect students’ learning and knowledge.

7. A proper combination of IT-based instruction
and traditional instruction, accompanied by
the restructuring of existing work practices,
will have a positive effect on the quality of
instruction for students.

8. A proper combination of IT-based instruction
and traditional instruction for students will have
a positive effect on the growth of K-12 schools.

www.businessofgovernment.org
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The results of this report are similar to those of Coley,
Cradler, and Engel (1997), and Silverstein, Frechtling,
and Miyoaka (2000), who posit that to deliver
instruction effectively, teachers must have training
in the use of technology for instructional purposes.
Statham and Torell (1999) argue that teachers typi-
cally receive little training in integrating technology
for instructional purposes, thereby lowering the stan-
dard of instruction. Seeing the importance of train-
ing, Wahl (2000) suggests that organizations be
required to invest more than half of their IT budget
in training and support systems (Sandholtz, 2001).

IT-Integrated Instruction and the
Quality of Learning for Students

Finding 2: A proper combination of I1T-based
instruction and traditional instruction will
positively affect the quality of learning for
K-12 students.

On the question of the quality of education, this
study found that teachers, students, and principals
do not support the application of IT-based instruc-
tion in a stand-alone setting; rather, they seek a
combination of [T-based instruction and traditional
instruction. For example, a majority of students
stated that IT-based instruction is important only
when supplemented through books, study guides,
and traditional lectures in a face-to-face setting
between teachers and students. A few teachers
opined that when technology-based instruction is
offered in a stand-alone setting, students often get
more involved with the technology rather than
knowledge of the subject. Technology often diverts
the minds of the students from valuable knowledge.
Thus, IT-based instruction, if not supplemented
through traditional means of instruction and face-to-
face interactions between teachers and students, is
unlikely to offer significant advantages to students.

During the interviews, some principals argued that
[T-based instruction in a traditional setting is criti-
cal for improving the quality of education. IT-based
instruction, however, is unlikely to be successful in
enhancing learning unless there is someone who can
explain and answer students’ questions and course-
related concerns. This role cannot be assumed by

a computer; only teachers can do it. Therefore, it is
critical that IT-based instruction should always be
complemented with traditional lectures for enhanc-
ing the quality of learning.

IBM Center for The Business of Government

These results are similar to the conclusions drawn
by Reeves (1998), who argues that technology
allows students to organize and analyze real-world
data. However, to understand the meaning of infor-
mation, traditional means of instruction cannot be
ignored. Knapp and Glenn (1996) argue that instruc-
tional technologies, when used appropriately in a
traditional setting, can offer students advantages

in understanding the behavior of complex objects
through pictures, maps, and graphs, mediated
through computer interactions.

IT-Integrated Curriculum and
Student Engagement in Learning

Finding 3: A technology-integrated curriculum
will positively affect student engagement in
learning.

On the question of the effects of technology-integrated
curriculum on learning, teachers, students, and prin-
cipals agreed that a technology-integrated curriculum
is more conducive for engaging students in learning.
For example, teachers argued that when IT becomes
an enabling tool for the acquisition, organization,
and analysis of information, IT-based instruction can
motivate students to do better. They also stated that
as long as technology does not dominate the course-
work, IT-based instruction can encourage students to
take responsibility for solving problems, making deci-
sions, and coordinating their work with team members
and teachers.

In a similar vein, students expressed deep satisfaction
with IT-based instruction as long as IT is closely tied
in with the core curriculum of the school. The students
argued that an expectation of IT integration with course
curricula provides them more opportunities for col-
laborating on group projects and team assignments.

The principals were cautiously optimistic about the
effects of technology-integrated curriculum. They
argued that when technology is at the “foreground,”
students often become enamored with style over
substance. However, when technology-integrated
curriculum is properly managed and IT is kept in the
“background,” it engages students in self-reflection
and appreciation of the knowledge that underlies
the technological trappings.

These findings support the view of Penuel, Golan,
Means, and Korbak (2000); Sandholtz, Ringstaff, and
Dwyer (1997); and Silverstein, Frechtling, and Miyoaka
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(2000), who have found that technology-integrated
curriculum was successful in maintaining student
engagement in coursework. A technology-integrated
curriculum positively affected students’ problem-solving
skills in group projects, team assignments, and other
collaborative work (Sandholtz, Ringstaff, and Dwyer,
1997). According to Sandholtz (2001), a technology-
integrated curriculum offers students opportunities in
exploration, self-reflection, collaborative decision mak-
ing, and active learning. Similar results were also
found by Penuel, Golan, Means, and Korbak (2000) in
their research on the Middle School Mathematics
through Application Project (MMAP), in which they
found that the technology-integrated curriculum posi-
tively affected students’ experience in learning mathe-
matics (quoted from Ringstaff and Kelley, 2002).

IT-Integrated Instruction and the
Competitiveness of Schools

Finding 4: A proper combination of IT-based
instruction and traditional instruction will
positively affect the competitiveness of K-12
schools.

On the question of the effect on competitiveness

of schools from IT investment undertaken for
instructional purposes, each group of stakeholders—
students, teachers, and principals—has a different
view. (For more on the meaning of competitiveness
of schools from IT investment, see, for example,
Powell and Dent-Micallef, 1997). The teachers
argued that a technologically trained and qualified
teacher will do a better job in preparing and deliver-
ing instructional material to students. In addition,
the instructional modules can be reused and modi-
fied to meet the various skill levels of students.

Students argued that when IT-based instruction is
supplemented with traditional instruction, they get a
better understanding and knowledge of the behavior
of complex dynamic systems, which are quite dif-
ficult to explain via traditional means only. Students
also opined that through hands-on experience,

they gain a better perspective of the relationships
between a concept and the concrete reality.

Principals of K12 schools stated that IT-based instruc-
tion is critical for a school’s competitive advantage.
They argued that IT instruction, standing alone, is
unlikely to offer any significant advantage to students.
Therefore, the main aim of K-=12 schools should be
to integrate IT-based instruction with traditional

instruction. The principals also commented that the
capability to deliver IT-based instruction puts a pro-
gressive face in front of students and their parents,
the local community, and the state legislature, all of
which can influence budget decisions for the schools.
As one of the principals stated, “Just having an IT
infrastructure for instructional purposes provides legiti-
macy to the school. If one begins to make full utili-
zation of the IT infrastructure, IT-based instruction
can offer competitive advantages to the school.”

These findings support the common assertion that
when IT-based instruction is used coherently and
backed up by traditional face-to-face interactions
between students and teachers, it can create com-
petitive advantages for K-12 schools (Sandholtz,
Ringstaff, and Dwyer, 1997). For example, Glennan
and Melmed (1996) found that teacher training in
the use of technology and a consistent level of stu-
dent interaction with IT-based instruction in a face-
to-face setting with teachers positively affected the
competitiveness and success of K-12 schools.

IT-Integrated Instruction and Return
on Investment

Finding 5: A proper combination of IT-based
instruction and traditional instruction will
positively affect the return on IT investment
for K-12 schools.

In assessing the financial perspective of IT-based instruc-
tion, the findings of this study suggest that structured
and organized digital content can help a school lower
the costs of its instruction over the long run, since

a larger number of students can access the same
instructional modules. Moreover, a school can also
reduce the costs of instruction as several of the IT-
based instructional modules can be reused and easily
modified to meet the disparate needs of the students.

In addition, a school can further cut costs because of
its need for smaller physical infrastructure, because
instead of stacking volumes of books, articles, and sup-
plemental reading materials (hard copies), it can sub-
scribe to a digital library that can be accessed anytime,
anywhere, by teachers, students, and other key patrons.
An integrated IT infrastructure helps not only in reduc-
ing the numbers of administrators and staff members,
but also in increasing the efficiency of most routine
tasks, which can easily be downloaded from the net-
works and completed over the Internet. Moreover, as a
school gains experience in understanding the nuances

www.businessofgovernment.org

15



ASSESSING THE IMPACT OF IT-DRIVEN EDUCATION IN K-12 SCHOOLS

16

of technology-based instruction, it can acquire funds
from external sources and grant agencies.

Measuring revenues gained from the use of technology-
based instruction requires a longitudinal study, because
in the initial stage of initiation and implementation of
IT, a school will expend considerable resources in time
and money. Only when IT expenses subside below a
threshold level will the school begin to gain positive
returns from its IT investment. Despite this limitation
in measurement, this author subscribes to the notion
that schools, in the long run, are likely to enhance
their productivity by using IT for instructional pur-
poses. So the sooner a school gets a better handle on
the application of technology-based instruction, the
better its financial condition is likely to be as com-
pared to schools that enter the market for IT-based
instruction late. This conjecture is made on the basis
of research studies showing that firms that have
gained experience in the implementation of technol-
ogy are likely to be more successful in exploiting the
benefits from the use of technology (Neo, 1988).

IT-Integrated Instruction and Student
Knowledge

Finding 6: IT-based instruction, when properly
combined with traditional instruction, will posi-
tively affect students’ learning and knowledge.
Students are the core customers of a school and the
basic mission of a school is to educate students. If
students can get more value from IT-based as com-
pared to traditional instruction, it can easily be inferred
that IT-based instruction is more productive. The find-
ings of this study show that IT-based instruction is not
necessarily advantageous for students if delivered in
a stand-alone setting. Only a combination of IT-based
instruction and traditional instruction is beneficial
for enhancing students’ knowledge of subject areas.

This finding is consistent with the results of several
research studies that found that when IT-based
instruction is carried out in parallel with traditional
methods, the students perform better in standardized
tests as compared to students from schools where
[T-based instruction is not emphasized. For example,
in a longitudinal study spanning almost a decade,
researchers found that elementary students—from
kindergarten to grade 5—who were taught according
to IT-based instructional methodology in a classroom
setting outperformed those students who were taught
through traditional means only (Butzin, 2000).
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That study further found that those taught through
technology-based instruction in the classroom were
more prone to choose science and mathematics in
middle school than their counterparts taught through
traditional means only. Kulik (1994), through a meta-
analysis of over 500 research studies, concluded that
students who were taught through IT as well as tra-
ditional means gained an average of 9 to 22 percent
on standardized tests over control groups. An average
student that had IT-based instruction complemented
with traditional instruction scored at the 64th per-
centile, compared to students taught through tradi-
tional means only, who scored at the 50th percentile.

In addition, IT-based instruction is more visible and
transparent to all sorts of stakeholders—students and
their parents, teachers, principals, community lead-
ers, state legislators, and other external agencies—
allowing them to get involved and contribute their
input to enhance the quality of instruction for students.

When traditional instruction is complemented with IT,
students gain a better perspective of the issues involved
in the analysis of complex and dynamic objects. For
example, through Interactive Physics, students can
explore in depth the topics in Newtonian mechan-
ics—momentum, force, and acceleration (Jonassen,
1993). Similarly, as students gain interest in specific
areas, IT-based instruction, complemented with tradi-
tional lectures, can provide students access to various
sources for locating subject matter and enhance their
ability to interpret the knowledge in new contexts.
The use of simulations, computer games, diagrams,
and maps provides students a visual understanding of
the behaviors of complex objects. However, to under-
stand the meaning in a “practical” context, students
still need instruction from a “live” instructor, who can
provide a clear perspective of the subject matter.

IT-Integrated Instruction and the
Quality of Instruction

Finding 7: A proper combination of IT-based
instruction and traditional instruction,
accompanied by the restructuring of existing
work practices, will have a positive effect

on the quality of instruction for students.
The findings of this study show that simply replacing
traditional instruction with IT-based instruction should
not be the main goal of K-12 schools. Rather, to gain
returns from IT-based instruction, the schools should
be willing to restructure programs and course content



ASSESSING THE IMPACT OF IT-DRIVEN EDUCATION IN K-12 SCHOOLS

so they become amenable to IT and a proper combina-
tion of IT-based instruction backed up with traditional
instruction can be prepared and delivered to students.

The results of this study show that IT-based instruction
can be used for creating a student-centered learning
environment. The schools, however, must reorganize
their programs to meet the needs, knowledge, and skills
of disparate groups of students. This need for under-
standing internal work process is similar to the conclu-
sion of Tiene and Luft (2002). After interviewing teachers,
they found that IT-based instruction in face-to-face set-
tings presented some significant advantages. Teachers
stated that both they and their students improved their
skills in subject matter while working with technology.
Moreover, they stated that because of technology, the
assignments could be individualized, allowing students
to work more independently as well as cooperatively
with other students. The teachers also contended that
technology allowed them to dynamically present
material to the class, enhancing student learning.

A similar argument, emphasizing the restructuring
of internal processes for maximizing the gains from
[T-based instruction, is provided by Glennan and
Melmed (1996). They affirm that the introduction

of technology in the classroom over time requires
restructuring of instructional content and delivery.
Moreover, technology also forces a change in the
attitudes of teachers and students toward more fully
utilizing the advantages of IT-based instruction.

For example, by recognizing the potential of IT in
instruction and learning, teachers begin to under-
stand that in the present environment, learning is
more than a one-way dialogue—from teacher to
student. Rather, it becomes a collaborative exercise
between teachers and students with continued guid-
ance from the teacher to the student. Moreover, stu-
dents, over time, are expected to initiate learning and
discover knowledge. The role of teachers becomes
that of a facilitator, helping and guiding students
through problem-solving and skill-building exercises.

IT-Integrated Instruction and the
Growth of Schools

Finding 8: A proper combination of I1T-based
instruction and traditional instruction for
students will have a positive effect on the
growth of K-12 schools.

Growth is conceptualized in terms of the demand
for a K-12 school’s instructional products and ser-

vices by other schools and tutorial organizations.
In addition, growth refers to improvements in the
efficiency, effectiveness, and quality of instructional
services that a K12 school provides to its students.

Learning and growth are usually evaluated based
on the long-term performance objectives of a firm.
In the case of an education system, the common
recommendation is that schools should prepare
students for learning and growth. Only when a K-12
school can prepare its students to meet their future
career obligations successfully can it realize con-
tinued demands for its digital products and services
in the marketplace from other teaching institutions
and tutorial organizations. In order to enhance the
demands for its instructional material, the school
should make provisions for teaching release time

so that teachers can engage in the design of innova-
tive digital instructional material for enhancing the
quality of instruction for students. One important
issue for schools becomes that they continually refine
their IT-based instructional material to prepare stu-
dents for their future career obligations.

It is a common belief that continued use of IT makes
students comfortable in undertaking knowledge work.
Knowledge work refers to the process of generation,
accessing, manipulation, and transformation of infor-
mation and knowledge. Since, presently, a majority
of jobs have shifted from manufacturing to the high-
technology and service sectors, the requirements for
employers have become to hire those people who can
work with IT and effectively use information and knowl-
edge in a company’s products and services to meet
customers’ unique requirements.

Therefore, a school that effectively uses IT-based
instruction and backs it with traditional lessons and
explanations can prepare students for handling future
work that involves a high degree of technological
skills. This very fact, if considered reliable and
unchanging, is sufficient for the growth of techno-
logically progressive schools. The findings of this
study also suggest that as a school gains competency
in creating, combining, and delivering IT-based
instructional material along with traditional instruc-
tion, its profitability and returns in the marketplace
begin to increase because of the “first mover”
advantage (Barney, 1991).
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Based on the findings of this study, the following
recommendations are offered:

Align IT with School’s Strategic Vision

Recommendation 1: IT for instructional purposes
should be based on the strategic vision of the
school so that it contributes to the educational
objectives of the school.

Technology should be linked directly to the long-
term objectives and strategies of the school. In the
absence of a clear relationship between technology
and the school’s objectives, the benefits of technol-
ogy are unlikely to show any distinct advantage in
students’ skills and performance. A rich educational
environment not only requires a match between
instructional goals, student performance, and faculty
satisfaction, but also looks for innovative use of
technology in creating and delivering instructional
material to enhance students’ creativity, imagination,
and problem-solving skills. In other words, the tech-
nology strategy of a school should not only meet the
current educational needs of the students, but also
be able to deal with the potential and need-based
demands of students in the future.

Before a school plans to use technology for instruc-
tional purposes, stakeholders—administrators, teach-
ers, instructional staff, technology coordinators, students,
parents, and representatives of the community—should
come together to set a strategic plan. The essence of
this plan should be to understand the specific needs
of the students, community, and the nation as a whole.
The committee should also develop clear educational
standards and goals, and a clear vision of how the
technology can be best integrated to realize the mis-
sion of the school. Such a committee should also
determine the effectiveness of the chosen strategies
by evaluating progress and outcomes regularly.
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The committee makes a determination of the types
of technology that will best support efforts to meet
the school’s educational goals. This is important
because different kinds of technologies lead to dif-
ferent kinds of educational outcomes. For example,
Bruce and Levin (1997) classify the use of technol-
ogy in education in four categories:

e For the purpose of inquiry—such as data model-
ing, spreadsheets, access to online databases,
and hypertext

e For communication purposes—e-mail, synchro-
nous, and asynchronous conferencing

e For construction purposes—computer-aided
design, robotics, and control systems

e For the purpose of expression—interactive video,
animation software, and music composition

The classification makes clear that different kinds
of technologies have different capabilities and con-
straints, so these technologies require different ways
of integration with traditional modes of instruction.
One common mistake many schools make is that
they do not account for the ongoing costs of main-
taining, supporting, and replacing computer equip-
ment. Simply acquiring technology in the initial
phase does not offer benefits; benefits are realized
gradually over the long run. Therefore, a strategic
planning exercise should be done to assess the long-
term benefits and costs of technology. Moreover,
such plans require continual revision as changes in
the institutional and external environments occur.

In taking responsibility for sketching out a vision and
learning goals for the students, the committee should
ensure that the technology can meet the specific
needs of those with special needs. For example,
students who are likely to benefit most from tech-
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nology-based education are special-needs students,
minority students, disadvantaged students, students
at risk of educational failure, and rural and inner-
city students (Gaines, Johnson, and King, 1996).

To increase educational opportunities for these stu-
dents, the committee should look for ways that these
students can access technological resources from
their homes and thus engage in meaningful course-
work that would be helpful for them in their work.

Due to the paucity of resources, schools are required
to prioritize the needs of technology for instructional
purposes. That means stakeholders should make the
rational decision to make use of computers where

it is truly advantageous and will help in getting con-
tent across effectively and efficiently. Second, tech-
nology should be integrated with instruction and
should complement traditionally prepared lessons.
In other words, the technology itself should not
take primacy over the instructional goals. Therefore,
school officials should work with a plan that gradu-
ally increases the scope of scalable technology in
classroom instruction so that it becomes an integral
component of traditional instruction.

Technology is not the magic bullet for increasing
standards of the school, unless it is put in use with
a specific purpose. A planning committee should
take an active role in linking technology use with
the long-term vision, learning goals, and competitive
strategy of the school. In other words, the technol-
ogy strategy should clearly support the educational
strategy of the school.

Integrating technology into instruction requires
resources and investment. Moreover, the effect of
such integration is not so obvious in the short run;
therefore, only when schools can afford a sufficient
level of investment in continued updates and main-
tenance of technology over the long run are the actual
benefits of technology-based instruction realized.

Similarly, technologically knowledgeable teachers
who believe that technology use will lead to signifi-
cant benefits for their students must undertake the
role of technology integrators. In a paper discussing
the cost, utility, and value of technology, Wahl
(2000) suggests that until schools are committed to
long-term support of teacher training, the benefits

of technology in education will not be realized.

He argues that successful schools spend only 30 per-
cent of their budget on technological equipment and

70 percent on the “human infrastructure” to support
ongoing training and technical assistance. Therefore,
the benefits of technology-based instruction can be
realized only when human training and motivation
takes priority over the computer equipment.

Balance IT-Based and Traditional
Instruction

Recommendation 2: K-12 schools should create

a balance between IT-based instruction and
traditional instruction for enhancing students’
knowledge and experience in learning.

If online instructional material is not complemented
with traditional instruction in a physical classroom
setting, students are unlikely to gain conceptual
knowledge of complex phenomena, even though
they could provide correct answers to the existing
questions. Not all of the knowledge can be commu-
nicated through IT-based instructional media; there-
fore, exclusive use of online instruction does not
provide the means to capture “tacit knowledge.”
Activities such as how to perform a complex surgi-
cal operation or craft an original piece of a lab
experiment often require face-to-face interactions
and serious involvement between teachers and stu-

Recommendations

1. IT for instructional purposes should be based
on the strategic vision of the school so that
it contributes to the educational objectives of
the school.

2. K-12 schools should create a balance between
IT-based instruction and traditional instruction
for enhancing students’ knowledge and experi-
ence in learning.

3. [IT-based instruction should be clearly tied to
the course curricula.

4. Teachers should be knowledgeable about
the use of instructional technology so they
can create and deliver instructional material
effectively to students.

5. Teachers should restructure their traditional
role in schools to realize the full benefits of
the integration of technology-based instruction
and traditional instruction.

6. Schools should commit a substantial investment
in technology maintenance to ensure the con-
tinued use of technology in instruction.
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dents. In addition, without adequate monitoring,
online instruction may encourage students to plagia-
rize and skim course material, rather than attempt to
develop an in-depth understanding of the subject
area. Therefore, to avoid such practices, online tech-
nological instruction should be supplemented with
traditional instruction.

There is no doubt that technology offers several ave-
nues for enhancing the effectiveness of traditional
education. For example, through IT, students and
teachers can gain access to digital archives and
establish contact after school hours, and teachers
can establish contact with community members.
With the growing use of multimedia, the emphasis
has been how best to make use of these technolo-
gies for supporting the educational objectives of stu-
dents in a cost-effective manner (Means and Olson,
1995). However, mere acquisition of information
does not necessarily lead to critical and conceptual
thinking among students. If the objective is to
enhance students’ higher-order thinking, schools
need to appropriately integrate technology-based
instruction with traditional instruction. If the primary
objective is toward rote learning, tutoring systems
and computer-assisted instruction can be used as
stand-alones, without fully integrating with the tradi-
tional mode of instruction. In other words, as the
skill level of the students begins to increase, tech-
nology-based instruction needs to be backed up
with traditional instruction.

In sum, technology-based instruction by itself could
be used to help students learn faster, but when the
aim is to promote critical thinking, technology must
be coordinated with traditional instruction. Such
integration offers the advantage of efficiency and
creativity and has the potential to raise students’
achievement and increase their engagement and
motivation to learn. Simply because a school has
purchased instructional technology and teachers
are challenged to use it does not automatically
lead to a higher level of performance for students.
It is rather the awareness and understanding of how
to integrate technology in coursework that ensures
students will benefit from technology-based instruc-
tion. The challenge for schools is not simply acquir-
ing the technology, but how best to make use of
technology so that it provides competitive advan-
tages to the schools and raises the academic stan-
dards of the students.
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The integration of IT-based instruction and traditional
instruction should not be an end itself; rather, the aim
should be to foster students’ ability to undertake criti-
cal responsibilities in analyzing and solving complex
problems. When students are taught with a combi-
nation of digital and traditionally prepared instruction,
they are likely to get a mastery of social knowledge
and an appreciation of the technology. At the same
time, by preparing a meaningful combination of dig-
ital and traditional instructional content, teachers are
likely to appreciate the value of IT-based instruction.
If teachers are conversant with the use of IT-based
instruction in the classroom, they can easily update,
refine, and customize digital contents to enhance
the quality of instruction for their students.

Tie IT to Curricula

Recommendation 3: IT-based instruction should

be clearly tied to the course curricula.

Technology cannot be divorced from the school
curricula. To increase the quality of instruction for
students, technology should be clearly tied to the
course curricula, incorporating meaningful digital
content to enhance the effectiveness of online and
traditionally delivered instruction. Often, how digital
lessons are planned, blended with traditional instruc-
tion, and delivered will depend on the state of the
technology in the school. However, if schools are
looking for ways to integrate technology-based learn-
ing with traditional modes of teaching, teachers, prin-
cipals, and policy makers will be required to initiate
changes in existing work practices to make the best
possible use of technology that will positively affect
students” performance and conceptual skills. Sandholtz,
Ringstaff, and Dwyer (1997) state that courseware that
includes the use of software designed for educational
programs should reflect curricular standards and take
into account how students can develop conceptual
learning (Silverstein, Frechtling, and Miyoaka, 2000).

Schools cannot afford to ignore the impact of tech-
nology on enhancing the quality of education for stu-
dents. At the same time, however, technology in itself
is not the solution; rather, it is the integration of tech-
nology and school curricula that is important in
improving the performance and satisfaction of students.

An understanding of the linkages between IT and
the core curriculum creates opportunities for schools
to innovate and offer quality education to students.
This view is explained by Sandholtz, Ringstaff,
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and Dwyer (1997), and Silverstein, Frechtling, and
Miyoaka (2000) in stating that students feel more
engaged with their studies when IT does not play

a dominant role. Instead, IT is considered one of the
many tools that can be applied using various teach-
ing methods. However, for sustaining innovation,
schools need to continually examine their IT-based
offerings in parallel with traditional instruction and
plan how best they can deliver a combination of
[T-based and traditional instructional material to
students. As Bozeman and Baumbach (1995) state,
when technology becomes a part of the core curric-
ulum, schools become smarter in using technology
through “learning by doing.” Similarly, Means and
Olson (1995) argue that in order to increase the
quality of education for students, digital instructional
modules need to be supplemented with timely
teacher-to-student feedback.

Train Teachers in IT

Recommendation 4: Teachers should be knowledge-
able about the use of instructional technology so
they can create and deliver instructional material
effectively to students.

To motivate faculty members about the use of new
technologies for instructional purposes, the relevance
of organizational incentives and training becomes
obvious. To encourage faculty members to adopt,
evaluate, and use these technologies, their perfor-
mance should be tied to the ease with which they
are able to integrate technology into their traditional
mode of teaching. In the initial stages of such changes,
schools should provide a sufficient level of incentives
to teachers through training programs, merit increases,
and course reduction. Wenglinsky (1998) argues that
one of the primary reasons that teachers do not use
technology in their classrooms is their lack of expe-
rience with it. Wenglinsky also finds that teachers
who received training in the use of technology were
more likely to use computers in effective ways than
those who had not participated in such training.

Training becomes critical for two reasons: First,
teachers become proficient in the use of technology;
and second, they begin to understand the importance
of technology-integrated lessons. Teachers who
become conversant with the technology also begin
to understand how to combine technology-based
instruction with traditional instruction in ways that
offer the maximum utilization of technology for the
education of students.

Technology does not remain static; developments
and innovations in technology are rapid. Therefore,
to sustain teachers’ motivations, schools must ensure
that teachers receive periodic training in the use of
new technologies for instructional purposes. When
teachers become confident enough, they begin to
take initiative in integrating technology with the course
curriculum to offer maximum advantages to the
students. Training programs are important to create
interplay between technology-based and traditional
instruction, so that students get maximum value
from the technology. The use of training also brings
together teachers from other communities to discuss
how best to make use of technology for students.

To enhance students’ knowledge and learning, teachers
should be able to offer them a proper combination
of technology-based and traditional instruction. To
achieve this objective, teachers need to set a sched-
ule each week about how they will integrate tech-
nology-based and traditional instruction the following
week. Such a schedule is important, because it keeps
students alert about technology use and allows stu-
dents to explore new course material in which they
are interested.

Restructure Role of Teachers

Recommendation 5: Teachers should restructure
their traditional role in schools to realize the full
benefits of the integration of technology-based
instruction and traditional instruction.

Seeing that technology affects almost every walk of
life, teachers cannot ignore the potential of IT in edu-
cation systems. To perform their duties in a techno-
logically intensive learning environment, teachers
need to play several roles. Not only are they required
to act as knowledge presenter, but also to play the
role of knowledge facilitator. Often they will perform
both roles simultaneously: knowledge presenter as
well as knowledge facilitator. As a knowledge presenter,
teachers deliver instruction in a traditional physical
classroom setting; as a knowledge facilitator, they
create a computer-supported learning environment
and provide continued feedback to students to enhance
their thinking and imagination.

At the K-12 level, students demand direction as well
as support. So to meet the expectations of students,
technology-based instruction should complement
traditional instruction. This kind of strategic outlook
does not obliterate the need for teachers; rather,
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their roles become different. They act like coaches
rather than monitors, and become facilitators rather
than experts.

Invest in Technology Maintenance

Recommendation 6: Schools should commit

a substantial investment in technology mainte-
nance to ensure the continued use of technology
in instruction.

The long-term planning of a school for technology-
based education is considered quite critical. The
main reason is that technology requires more than
half of technology expenses in regular maintenance
and updating of the systems. Second, as the role
of technology begins to take priority, maintenance
becomes even more critical.

To sustain the growth of technology-based education,
a school needs to make substantial investment in

a flexible technical infrastructure. IT infrastructure
should not only support the current educational goals
of the schools, but be able to sustain future growth
without causing major disruptions in instruction. The
infrastructure should be easy to modify and maintain
support for the future educational needs of the schools.

For increasing the scope of IT-based instruction, the
schools must commit about 60 to 70 percent of their
IT budget for technology maintenance, replacement
of legacy systems, and support staff. All of these
activities not only require a huge amount of invest-
ment but also demand the attention of school admin-
istrators to continually evaluate the effectiveness of
technology in instruction.
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Conclusion

Measuring the impact of IT-based instruction for
K—12 schools and their stakeholders—students,
teachers, and principals—is difficult. There are dif-
ferent views and findings on the effects of IT-based
instruction for K-12 schools. Research studies find
conflicting results on the effects of IT-based instruc-
tion on students. Moreover, there is not a substantial
body of research that illustrates the effect of IT invest-
ment on the bottom line for schools. This report makes
an attempt to fill the gap by providing a close look
at the effect of IT-based instruction for K-12 schools
in Maryland.

The findings of this study show that IT-based instruc-
tion can provide returns to schools if the instruction
is managed to meet the needs and interests of the
students. The results support the common view that
merely having IT in the schools does not offer advan-
tages to the local school stakeholders. To capitalize
on the potential of IT, teachers should have sufficient
knowledge to create and deliver instructional mate-
rials to students. However, the results also reveal
that schools are facing challenges in providing train-
ing to faculty members because of budget problems.
The findings indicate that the use of IT-based instruc-
tion in combination with traditional instruction
enhances student learning. Further, the results find
that integration of technology for instructional pur-
poses requires a serious understanding of the capa-
bilities, constraints, and challenges of IT in the
preparation and delivery of instruction to students.

The results support the view that in today’s competi-
tive environment, the use of technology is becoming
increasingly critical for K-12 schools. Schools that
can demonstrate the innovative use of technology
are able to attract motivated and technologically learned
faculty as well as quality students. However, the
innovative use of technology cannot be carried out

with technology alone. It needs to be substantiated
with knowledgeable faculty that can create a balance
between traditional and technology-based instruction.

Schools cannot ignore the importance of IT-based
education—the results support this contention.
However, at the same time, technology-based edu-
cation should be used to complement, not replace,
traditional educational instruction. Moreover, a school
cannot simply purchase and acquire new technology
in the hope that it will create worthwhile improve-
ment in students’ achievement. To create meaningful
roles for instructional technology, schools must have
a strategic plan that clearly demonstrates how tech-
nology would lead to the achievement of the educa-
tional vision and objectives. In other words, before
policy makers and stakeholders agree on a technol-
ogy plan, they must have a sound understanding of
the long-term strategies and the direction in which
the school wants to go. Careful planning for technol-
ogy use is critically important because technology
requires a large investment, which is not reflected in
the initial purchase but can add up in maintenance
and regular support.

The results of this study show that before a school
invests in acquiring and purchasing technology,
school administrators should be clear about the edu-
cational vision and learning goals for the students.
Only after setting a strategic vision and goals should
the school determine what kind of technological
tools can best serve the vision and goals of the school,
as well as how these tools can best help students
learn and how technology can be used to promote
learning goals.

In sum, to reap the benefits of technology-based
instruction, technology should not be an add-on
piece of the course curriculum. Rather, it should
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be integrated with all aspects of teaching and learn-
ing, including traditional instruction, to provide the
best mix of instructional content for students. In
addition, to make maximum use of technology for
educational purposes, teachers should receive ongo-
ing training in developing meaningful instructional
strategies. Finally, to sustain the growth of integrated
technology-based instruction, schools must decide
how they are going to make investment decisions
for developing a flexible IT infrastructure and sup-
port system, since technology requires continued
maintenance and support. Moreover, as technology
changes rapidly, significant investment is needed in
replacing legacy systems with new ones.
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Appendix:

Electronic Classroom Types,
Assumptions, and Related Models

Electronic Classroom Type

Principal Pedagogical Assumptions

The Vision to Automate Instructor
Console

Instructor is at the center of the classroom activity. Presentation technolo-
gies can make the delivery of information more memorable and interesting.

Instructor Console and Stand-
Alone Student Computers

Students learn better if they can emulate what the instructor is doing on
the computer. Learning is more effective when it is interactive.

Computer-Assisted Learning

Students benefit when they control the pace of learning. Feedback should
be frequent.

Distance Learning

Weakness in education is the lack of availability of good courses and
faculty. Accessibility in remote locations or smaller schools can be effi-
ciently provided via telecommunications.

The Vision to Informate Up Key
Response Pads

The instructor needs feedback. The ability to elicit responses via technology
is superior to hand-raising.

Instructor-Student E-mail

Feedback, even delayed, is better than no feedback. Limited access to
instructors limits communications.

The Vision to Informate Down
Learning Networks

Delivery of information is not a pressing problem, but rather the lack of
current information from realistic contexts. Students create knowledge
through information exploration.

Hypermedia/Internet

Students need to create their own knowledge structures.

Simulation/Virtual Reality

The more real the context, the more effective the learning. Students should
be provided the means to experience the phenomenon during class.

Synchronous Communication
Classrooms

Participation is critical to the learning process. Anonymity encourages
participation.

Groupware-Support Synchronous
Communication Classrooms

Structure imposed on communication is effective in helping students
learn. Communication is more efficient when structured.

The Vision to Transform Virtual
Continuous Learning Asynchronous
Communication Across Distances

Learning is an ongoing process. Time should be flexible. Learning need
not be geographically dependent.

Groupware-Support Asynchronous
Communication Across Distances

Ad hoc communication is more effective when supported with a structure.

Adapted from Leidner and Jarvenpaa (1995).
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