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Research Windows

If you are hoping to purchase electronic
resources with No Child Left Behind

funds, you’ll need to understand
whether the available resources

meet the requirements of the
NCLB legislation—that is—
whether they are backed
by research and aligned

to content standards.

Subject: Standards- and technology-
based research

Audience: Tech coordinators,
administrators, teachers, library
media specialists

Grade Level: K–16 (Ages 5 & up)

Technology: Technology-based
learning resources

Standards: NETS•T II; NETS•A I
(www.iste.org/standards)
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The recently enacted No Child
Left Behind (NCLB) legisla-
tion has brought much at-

tention to the scientific validation of
learning resources and interventions.
Specifically, NCLB requires that learn-
ing resources—including those that are
technology based—be closely aligned
to state academic standards and that
research document the extent to which
such resources result in student aca-
demic achievement gains as measured
by standards-based assessments.
(Editor’s note: See Resources on p. 57
for the NCLB and other Web ad-
dresses.) Given this requirement, a
process is necessary to first document
the extent to which resources are
aligned to the standards and then to
conduct research to determine the ex-
tent to which programs and strategies
can result in student acquisition of skills
and knowledge based on those stan-
dards. However, a major barrier to
conducting adequate educational re-
search is a lack of federal, state, or pri-
vate funding and resources to conduct
the type of research called for by
NCLB. It is critical that members of
the U.S. Congress as well as state legis-
lators seriously consider finding ways to
subsidize research needed to determine
what works in education and in educa-
tional technology.

In this article, I report on the pre-
liminary findings from efforts to:

1. align technology-based learning
resources with standards

2. conduct research that would docu-
ment the extent to which use of such
resources results in improved student
achievement in core content areas

The discussion about standards align-
ment of electronic learning resources
is based on data collected by the Cali-
fornia Learning Resource Network
(CLRN). The research on the effects
of technology in relation to standards
is based on information collected by
the Center for Applied Research in
Technology (CARET).

Standards and Technology-Based
Learning Resources
It is widely assumed that the greater the
alignment of a learning resource to cur-
riculum standards, the greater would
be the probability that such resources
would improve learning as measured by
standards-based assessments. Based on
this assumption, California established
the CLRN—an easy-to-access, one-
stop resource that provides information
on how to develop and/or find lesson
plans that effectively integrate instruc-
tional technology into curriculum and
helps educators identify and select elec-
tronic learning resources that target spe-
cific state-adopted content standards.
CLRN has attracted the attention of
the U.S. Department of Education
(ED) as a possible resource to help edu-
cators find standards-aligned resources
to comply with the Enhancing Educa-
tion Through Technology component
of NCLB. In a related development,
the California Department of Educa-
tion requires that any electronic learn-
ing resources purchased with NCLB
funds be reviewed and listed on the
CLRN Web site in an effort to ensure
that teachers are using content-aligned
resources in classrooms. Several other
states are known to be considering es-
tablishing their own versions of CLRN
or using CLRN if the state standards
are similar to the California standards.

Current Findings. After reviewing
more than 1,200 supplemental elec-
tronic learning resources in the CLRN
online database in detail, I conducted
an analysis of the extent of alignment
of these resources to the California
Content Standards (Cradler, 2003).
It is important to note that most elec-
tronic learning resources are intended
to be supplemental rather than to cover
the whole range of standards in a par-
ticular strand or grade level. The excep-
tions are programs commonly known
as skill building, integrated learning sys-
tems, or tutorials, which generally cover
more skills in a given standards con-

tinuum. The major findings resulting
from the analysis follow:

1. On average, the supplemental elec-
tronic learning resources reviewed
aligned to less than 40% of the stan-
dards in most of the strands or top-
ics, including English/language arts,
mathematics, science, and history/
social studies.

2. Less than 10% of curriculum stan-
dards tend to be assessed or tested as
a feature or component of most elec-
tronic learning resources.

3. Math and reading tend to use inter-
active multimedia, whereas science
and social studies tend to rely more
on video and Web-based resources.

In addition, reviewers and publishers
sometimes report that electronic learn-
ing resources address cognitive or pro-
cess skills and knowledge not explicitly
addressed or described in the current
content standards.

Current Implications. Implications
from these findings are that it is impor-
tant to study the extent to which the
standards are addressed by these supple-
mental electronic learning resources
and whether the ways they are ad-
dressed make optimal use of the tech-
nology as a resource to enhance existing
curriculum and pedagogy. A few of the
questions resulting from the CLRN
analysis follow:

• Are the 20%–50% of the standards
addressed by electronic learning re-
sources the most promising standards
for supplemental applications of
technology to address?

• Does the alignment of programs to
standards really mean student learn-
ing will be increased in contrast to
programs that have not been aligned
to standards purported to improve
learning?

• Are there motivational and cognitive
factors that indirectly improve learn-
ing according to standards that are
uniquely provided by the use of some
technology applications?
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These are only a few of the questions
that need to be answered, which sug-
gests the need for both a comprehensive
review and analysis of existing research
as well as new research.

Research and Technology-Based
Learning Resources
Tied to the assumption that aligning
learning resources with content stan-
dards can result in greater achievement
is the need for research that actually
tests and attempts to validate learning
resources in terms of their effects on
learning based on standards-based as-
sessment tools. CARET was established
to review current research and evalua-
tion studies to identify, summarize, and
disseminate practical implications of
studies that clearly document the effects
of technology on standards-based in-
struction. Of the more than 650 studies
CARET has screened for review so far,
approximately 150 have been refer-
enced in answering critical questions in
the areas of student learning, profes-
sional development, online learning, as-
sessment, and curriculum and instruc-
tion. Approximately 60 of those 650
have undergone intensive review, and
45 of those 60 were found to be both
relevant to the critical questions asked
by educators and to have sufficient
credibility to be posted on the CARET
Web site. These include 9 summary pa-
pers or reports, 23 survey studies and
meta-analyses, 5 program evaluations,
and 8 formal experimental or quasi-
experimental research studies. In other
words, less than 20% of the 650 re-
viewed studies offered practical and
applied findings and conclusions that
would help educators make informed
planning decisions about how to use
and integrate technology-based learning
resources into curriculum and instruc-
tion. There is obviously a shortage of
formal controlled research—a fact that
figures in federal mandates coming out
of NCLB—but what CARET found
was that even in the case of experimen-
tal work, most studies report findings

with respect to statistical significance
and research implications and yet re-
port very little information on the edu-
cational significance or on the implica-
tions for teaching and learning.

Most researchers identify limitations
of their research in terms of the diffi-
culty in controlling the many changing
variables found in school environments.
Many studies tend to investigate the use
of technology as a tool to facilitate the
completion of work (e.g., word process-
ing to support writing, statistical pro-
grams and spreadsheets to aid in con-
ducting mathematical and statistical
analysis, graphics tools to aid in draw-
ing, and the Internet as a resource for
students to conduct research and to col-
laborate globally with other students).
Studies of organizational and technical
resources available to support teachers’
integration of technology often do not
link their analyses of context and teach-
ers’ technology use to measures of stu-
dent learning. Technology-based learn-
ing resources that show the greatest
gains in academic achievement are
those that:

• are sequential
• include student-performance guide

branching to optimal difficulty levels
• include embedded assessments
• can be operated more or less inde-

pendent of a classroom environment

The following is a list of the major
weaknesses found in studies CARET
reviewed:

• Several studies that provide appropri-
ate statistical design fail to adequately
describe the intervention and the
conditions under which the interven-
tion or resources are implemented.

• When academic measures, such as
standardized tests, are used, they of-
ten do not directly relate to the con-
tent and/or the intended objectives
of the learning resources studied.

• Studies of student learning often use
only one measure of student learning,

such as a curriculum-specific assess-
ment, rather than multiple forms of
assessment that might also include
assessment of process skills.

• Often, it is not clear what specific
research or evaluation questions the
study is attempting to answer.

• Small sample sizes that reduce statisti-
cal significance are often used.

• Large samples are used that often are
not disaggregated by important vari-
ables that need to be addressed for
the study to be replicated.

• Measures that are not objective and/
or validated are sometimes used to
assess student learning.

• Context or conditions under which
technology is used are not adequately
described or related back to the find-
ings and conclusions.

• Applications of the technology are
not clearly specified.

• Academic standards the intervention
is intended to address are not clearly
specified.

• Technology-based learning resources
are studied alone and not compared
with similar resources.

• Results are based more on contextual
variables than on the intervention
studied.

• Conclusions provided are sometimes
not adequately supported by the data
collected.

• Studies are often descriptive with no
quantitative measures and do not use
control or comparison groups.

• Staff development studies on tech-
nology use often do not relate
changes in teachers’ instructional use
of technology to changes in students’
academic achievement or use of tech-
nology for learning.

• Surveys often do not combine analy-
sis of self-reports with observations
and/or measures of teacher profi-
ciency or student learning.

In general, CARET reviews are show-
ing that if educational technology stud-
ies addressing student achievement are
to produce information that helps edu-
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cators to plan and use technology effec-
tively, such studies must accomplish
several things. They must:

1. Ensure that technology-based learn-
ing resources align with and are de-
signed to enable students to develop
the skills and knowledge based on
the standards for which the resource
is intended.

2. Ensure that the assessments are di-
rect and valid measures of the skills
and knowledge implied by the cur-
riculum standards addressed by the
electronic learning resource being
studied.

3. The state curriculum standards and
related assessments should directly or
indirectly relate to the instructional
uses and purposes of the learning
resource or technology application
being studied.

4. Carefully document the manner in
which the technology-based inter-
vention is implemented to the ex-
tent that someone could replicate
the intervention.

5. Carefully document the conditions
or context for the intervention and
then relate any of these factors to the
outcomes.

6. Use large enough samples so that the
resulting data can be disaggregated
according to unanticipated (or an-
ticipated) implementation and con-
textual variables.

7. Use control groups when possible
and, if similar resources or strategies
using technology are known, then
use comparison groups to provide a
comparative analysis of the interven-
tions with the control group.

8. Consider that the overall goal of
the study is to determine which
elements of the technology-based
intervention can be replicated in
other settings and still produce the
same or similar results.

9. Incorporate valid measures of prob-
lem solving or cognitive skills and/or
measures of motivation to supple-
ment academic measures, as technol-

ogy is often found to enable devel-
opment of motivation and cognitive
skills often not included in state aca-
demic standards.

Recommendations
In general, a study should provide
sufficient information about the
effective implementation and use
of the technology-related intervention.
It should also suggest the professional
development, technical support, ad-
ministrative support, time, prerequisite
teacher skills, standards to address,
types of assessments, and any other
factors determined by the research to
be necessary to replicate the summa-
tive findings of the original study.

Even though many studies are weak
in the application of research method-
ology, it is possible to review large num-
bers of small or weak studies and look
for trends. Taking studies together and
then drawing somewhat non-empirical
conclusions based on this “best evi-
dence” approach must suffice until
more reliable empirical studies are sup-
ported and completed with results re-
ported in ways that can be easily ap-
plied by the education community. In
spite of the absence of a large quantity
of research, an ongoing survey of users
indicates that with CARET’s in-depth
review of a relatively small number of
studies and a best-evidence review of a
large number of limited studies and
evaluations, it is possible to provide an
important source of more or less objec-
tive information to inform technology
planning from the state to the class-
room levels. The demands of NCLB
for accountability combined with the
strong interest shown by the education
community, strongly suggest that ef-
forts like that initiated by groups such
as CARET and CLRN should be ex-
panded as there exists a great deal of in-
formation about electronic learning re-
sources yet to be reviewed, analyzed,
and communicated to educators.

Funding is another important issue
to consider when designing studies to

fulfill the requirements of NCLB. Most
projects do not set aside funding for
evaluation and research unless it is a
requirement. And, when evaluation is
required, it is usually less than 10% of
the total project budget. In almost ev-
ery case, educators need to ask when
reviewing studies, were there sufficient
resources available to conduct a credible
evaluation of the implementation of
the electronic learning resources in
question? Another issue is that most
education agencies and producers of
electronic learning resources do not
have the expertise to conduct the rigor-
ous scientific research of the level now
required under NCLB. The U.S. Con-
gress and state legislatures should con-
sider ways to subsidize such education-
al research.

These are the major considerations
that should be addressed in both re-
viewing and designing studies on the
implementation and effects of tech-
nology in teaching and learning.

Resources
CARET: http://caret.iste.org
CLRN: www.clrn.org
Enhancing Education Through Technology

fact sheet: www.nclb.gov/start/facts/
21centtech.html

NCLB: www.nclb.gov
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