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ABSTRACT

This project explored the potential of applying the

tachnologies of computer-assisted instruction and expert systems to
implementation of cognitive and metacognitive strategy instruction
programs. A prototype program consisting of three computer—-assisted
instruction modules was developed to teach procedures required for
the use of skimming, summarizing, and notetaking study strategies.
After prototype field testing, the modules were adapted from an
independent study format toward a teacher-directed and/or group-based
fcrmat. Hypertext programming was used to provide a structure to
assist teachers in explaining the steps and rationale of study
strategies and to prompt the application of those strategies to
sample reading passages. ExXpert syster programming technology was
used in a fourth module *+o provide a guide for group—-based discussion
of the application of metacognitive strategies. The fourth module
demonstrated how the skimming, summarizing, and notetaking strategies
could be used to complete common school tasks, such as preparing for
instruction, completing written assignments, and studying for tests.
This program was presented to 89 reading-delayed Jjunior and senior
high school students in Utah and Wyoming, and was largely successful
in meeting established student learning objectives. Hypertext
computer-presented instruction alonhe produced significant increases
in strategy application scores in two of three strategies for each
teacher. The expert system-based discussion guides produced
significant increases in five of sixX measures of metacoghitive

strategy knowledge. However, with one exception, the program did not
produce significant increases in standardiZed test scores. Appendices
contain sample tests, instructional scripts, worksheets, and student
and teacher satisfaction questionnaires. {approximately 45
references). (PB)
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COMFUTER-AIDED INSTRUCTION OF STUDY

AND METACOGNITIVE STRATEGIES

Abstract

Researchers have discovered that students with learning
disabilities have difficulty analyzing academic tasks and
employing affective performance strategies. There have been
concentrated efforts in the fields of special education and
psychology to develop instructional programs to teach these
students the means for analyzing academic tasks and applving
useful study and metacognitive strategies. however, they have
not been extensively used.

Implementation of these programs has depended heavily on
teachers” background knowledge in cognitive and metacogni tive
strategy use and on their resources for producing instructional
materials. The difficulties of training teachers 1n study and
metacognitive strategies, as well as the need for them to produce
well-structured instructional pressntations have restricted
implementations of strategy instruction programs. The purpose of
the present project was to explore the potential of applying the
technologies of computer—assisted instruction and expert sysiems
to alleviate these teacher-related difficulties.

A review of the literature indicated that computer-assisted
instruction might provirde teachers with an important
instructional rescurce. A prototype program consisting of three
computer—-assisted instruction modules was developed on the

Macintosh "Hypercard” programming environment to teach procedures



required for the use of skimming, summarizing, and notetaking
study strategies-

Initially, these modules were designed to be used
independently by students. To ensure reading difficulties did
not interfere with tutorial completion, instructional frames were
read to students via synthesized speech software.

A prototype evaluation was tonducted to collect feedback
related to content deficiencies and to identify potential format
or design problems. The modules were presented to two reading-
delayed secondary students in an alternative high school program
in Rock Springs, Wyoming. Unfortunately, the individualized
approach to computer—assisted instruction was found to be
inadequate for several reasons. First, the technology was not
sensitive to, and could not anticipate the kinds of responses
that must be made in the application of study and metacognitive
strategies. Secondly, the technology did not provide useful
models for the application of strategies. As the field test
teacher observed, "it failed to provide the process experience of
learning to think through content.”

In view of the feedback received from the field test teacher
and information gained from a further review of the literature,
the instructional modules of the prototype program were revised
to facilitate teacher-directed and group-based instruction.
Computer technology was used to assist instruction in two ways.
"Hypercard" programming technology was used to provide a
structure to assist teachers in explaining the steps and
rationale of study strategies and to prompt the application of

those strategies to example reading passages.



Expert system programming technology was used in a fourth
module to provide a guide for group-based discussion of the
application of metacognitive strategies. The fourth module
demonstrated how the skimming, summarizing, and notetaking
strategies could be used to complete common schodl tasks, such as
preparing for instruction, gathering information from
instruction, completing written assignments, and studying for
tests.

A main field test was conducted to evaluate the educational
effectiveness of the revised training program, and student and
teacher satisfaction with the program. The program was presented
to a total of 89 reading delayed junior and senior high school
students attending classes at the Logan Middle School in Logan,
Utah, and Rock Springs High School in Rock Springs, Wyoming.

The revised training program was largely successful in
meeting the student learning objectives established for it.
"Hypercard” computer-presented ins’.ruction alone produced
significant increases in strategy application scores ir two of
three strategies for each teacher. The expert system—-based
discussion guides produced significant increases in five of six
measures of metacognitive strategy knowledge. However, with one
exception, the program did not produce significant increases in
standardized test scores.

Applications of computer technology in the revised product
could be considered successful in addressing many of the teacher-
related difficulties that have been identified as restricting the

implementation of strategy instruction programs in the past. The
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product provided a vehicle for teachers to learn study and
metacognitive strategies as they initially presented strategies
to students. It also reduced a dizmand on teachers’ time required
for the initial preparation of structured presentations by
supplying necessary examples and guides for instruction.

The product developed was considered to be a means by which
teachers could systematically initiate instruction in several
important study strategies. It assists this initial instruction
because it provides examples and a guide for group-based
discussion.

In future implementations of the p.-oduct, the developers
would urge users to ensure the content examples used in the
program were relevant {o the content being taught in the class in
which the program 15 to be used. The developers would also
emphasize the need fur teachers to provide additional strategy
application practice beyond that prompted in the computer-based

program.
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INTRODUCT ION

Students with learning disabilities perform poorly on tasks
requiring active information processing (Torgesen, 1981). They
do not attend to or remember central information as well as
normal peers, and tend to make little use of mnemonic aids, such
as labeling, verbal rehearsal, clustering, chunking, and
selective attention. Their difficulty in focusing attention may
reflect inadequate executive control functions (for example,
rules and strategies used to understand, remember, and solve
problems). In fac:, the major problem of students with learning
disabilities may be an inability to amalyze tasks in ways that
result in the best performance strategy (Sattler, 1989).

Successful studente emplo, strategies as they read. For
example, they may follow a set of specific steps to skim a
reading passage, develop a list of the key points in the passage,
and develop an organized set of notes that will enable them to
remember ard apply what they have read. More importantly,
successiul students employ what are known as metacognitive
strategies as they splve learning problems. They may analyze and
characterize a problen before them, reflect on what they know or
do not know about solving the problem, devise a plan, and check
or monitor their progress as they solve the problem.

Sattler, as well as other authors (e.g., Derry, 19903
Deschler % Schumaker, 19863 Faris % Winograd, 19903 Sheinker %
Sheinker, 1989) have argued that learning-disabled children can
be taught to use more efficient learning strategies. Most often,

two distinct types of strategy instruction are recommended:
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training in the use of specific study tactics and training in the
use of metacognitive strategies (Derry; 1990).

Study tactics can be highly specific and may apply to only
one or a few types of study tasks. For example, students may be
taught to direct their attention to headings, topic sentences,
and other signals provided in a reading passage 1n order to focus
their attention on the most important information. Students who
employ effective study tactics are more likely to discover or
make use of the organization present in the material.

Metacognitive strategies, on the other hand, involve the use
of broad control processes in problem—-solving, such as awareness
of one’'s own cognitive processes or reflective problem-solving
activities (Derry, 1990). Metacognition has been defined as
"knowledge and cognition about cognitive phenomena" (Flavell,
1979, p. F06). While study tactics constitute the actual
continuing processes and strategies a person uses to solve a
problem, metacognition refers both to what individuals know about
their own cognitions and to their ability to control those
cognitions (Meichenbaum, 1980). A great deal of research
supports the importance of metacognitive thinking skills in
reading comprehension and the application of content information
(e.g., Brown, Bransford, Ferrara % Campione, 1983; Faris, Wasik %
Van der Westhuizen, 1988; Fressley, Borkowski & D’Sullivan,
1985).

There have been concentrated efforts in the fields of
special education and psychology to develop curricula to teach

students with iearning disabilities useful study and



metacognitive problem-solving strategies. For example, McCabe
(17982) developed a curriculum for "attacl:ing" reading assignments
and for the instruction of study skills. Schumaker, Deschler,
Alley and Warner (1983) developed the "Learning Strategies
Curriculum," a set of instructional packets to teach students
with learning disabilities how ta acquire information from
learning materials, identify and store pertinent information, and
prepare written assignments. Sheinker and Skeinker ((1989)
developed "Metacognitive Approach to Study Strateqgies,” a program
designed to teach generalizable study and metacognitive skills.
Research supports the effectiveness of these curricula (e.g.,

Deshler & Schumaker, 198&4).

Difficulties Restricting the Implementation

of Strategy Instruction

Although curricula have been developed to teach study and
metacognitive strategies, their use has not been extensive. In
fact, studies suggest there has been little strategy instruction
in special education or remedial settings (Swanson, 1984;
Ysseldyke, Thurlow, D'Sullivan % Christenson, 198%9).

1t should be pointed out that, until now, effective
implementations of study strategy curricula have depended heavily
on teachers’ background knowledge in cognitive and metacognitive
sti~ategy use and on their resources for producing instructional
materials. Palinscar (1990) noted that effective strategy
instruction depends on teachers’ understanding of the specific
knowledge and skills that underlie performance in academic areas.

This understanding entails a different kind of knowledge on the
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part of a teacher. Teachers must be aware of the cognitive
processes that are recruited by specific academic tasks.

Also, modeling the use of these processes can be difficult
for teachers. For example, Duffy (1987) reported that teachers
have difficulty providing an appropriate level of detail and
explanation abhout mental strategies. Pearson and Billingsley
(1987) suggested that teachers may be reluctant to engage in
thinking-aloud processes because it is not part of their usual
teaching repertoire. Modeling these processes may feel awkward
for them. Deshler and Schumaker (198&) reported that careful
statf development was required in order to make using the
Learning Strategies Curriculum effectie.

And, effective curriculur implementations have depended on
the ability of teacher: to provide a structured presentation of
explanations and examples. Derry (1990) indicated that the
success of strategy instruction depends heavily on the
development of a well-structured, considerate instructional

presentation.

Statement of the Froblem

The difficulties of training teachers in study and
metacognitive strategies, as well as the need for them to produce
well-structured instructional presentations have restricted

implementations of ctrategy instruction curricula.



COMPUTER TECHNOLDOGY AND STRATEGY INSTRUCTION

Two computer technologies may have the potential to
alleviate the teacher-related difficulties that have restricted
use of strategy instruction curricula. They are: computer-
assisted instruction and artificial intelligence programming

techniques.
Computer—-Assisted Instruction

Computer—-assisted instruction actually tonsists of three
categories of instructional programs: drill and practice,
tutorials, and simulations (Bordon et al., 1984; Hofmeister,
1983; Vargas, 198&6). Most of the computer-assisted i1nstruction
programs being used in schools today consist of drill and
practice programs. In fact, there are almost twice as many drill
and practice programs being used as simulation or tutorial
programs (Educational Software Evaluation Consortium, 1987).

Although drill and practice programs are an appropriate
computer-—assisted instruction application for students with
learning disabilities (Berber, 1986), other applications may be
even more appropriate. Tutorial CAI programs are designed to
teach new subjvct matter (Vargas, 1986). Tutorial programs offer
an advantage to educators because they provide the means by which
complex instructional content can be analyzed and presented to
learners in a logical and comprehensive fashion., Following the
development of a carefully constructed CAIl tutorial program, a
well-structured sequence of examples and practice exercises is

available as a tool for use by a teacher.
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Educational simulations, on the other hand, are computer
imitations of processes and offer the means by which students can
practice the application of newly acquired skills. Vargas (1986)
recommended the use of simulation programs because they encourage
active responding and provide continual, immediate feedback and
realistic consequences.

Recently, a convenient authoring tool for the creation of
computer—~assisted instruction programs has become available.
"Hypercard,"” a program that operates on Macintosh computers,
allows educational programmers to develop and easily modity
sequences of computer—assisted instruction.

Computer-assisted instruction programs can provide teachers
with an important instructional resource. Completed programs may
be used independently. Thus, a teachar may direct students to
complete program sequences in order to obtain necessary review of
program content. Alternatively, a teacher may direct new
students to complete program sequences to “"catch up"” with the
remainder of the class.

Although much has been written about the use of traditional
computer—assisted instruction programs for students with learning
disabilities (e.g., Haynes % Malouf, 1986; Lent, 1983; Meyer,
1985; Schiffman, Tobin, & Buchanan, 1984), wvery few tutorial or
simulation software programs validated for learning disabled
students have been located. In fact, the Educational Software
Evaluation Consortium (1987) could find no software emphasizing
strategies for effective learning in a review of educational

software available to schoobls.



In addition, the gquality of most existing educational
software is suspect. Members of the Educational Software
Evaluation Consortium (1987) rated nearly half of the computer-
assisted instruction software existing in schools as less than
desirable. Van Lengen (198%) suggested that =xisting educational
software may be poor because the authors of these programs may be
unfamiliar with learning theories and proper methods of
instructional design. To improve the guality of educational
software, Vargas (1986&) identified four basic princibles of
instructional design that should be applied to construct
effective instructional programs. First, learners should be
required to demonstrate a hign rate of relevant overt responses.
Second, appropriate cues and discrimination problems must be
presented such that learners are forced to discriminate between
appropriate stimuli. Third, immediate feedback should be
provided such that the consequence of one response precedes the
next regquired response. Finally, items must be presented in a
carefully constructed sequence to teach new behavior.

Haynes and Malouf (1986) cautioned that students with
learning disabilities may have difficulty learning from computer-—
assisted instruction nrograms for the same reasons they have
difficulty learning from traditional instruction. These students
may lack the strategies necessary to retain the information
presented in the visual format of traditional computer-assisted
instruction. One means by which computer—assisted instruction
programs may be modified to assist the learning of students with
learning disabilities is to provide an auditory version of the

visually presented content. Computers may be programmed to
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"road" instructional frames tp students, via synthesized speech,

at the same time they are presenting visual information.
Artificial Intelligence Frogramming Techniques

Artificial intelligence programming technigques may also
provide a useful tool in teaching students with learning
disabilities study and metacognitive strategies. Frofessionals
in the field of artificial intelligence are concerned with the
development of computer programs that mimic human characteristics
such as: understanding, learning, langquage, reasoning, and
solvving problems—-— characteristics commonly associated with A
intelligent behavior (Barr % Feigenbaum, 1981). The development
of expert systems, an application of artificial intelligence,
involve attempts to replicate the decision-making or problem-
solving processes used by those knowledgeable and experienced in
a given field (Hofmeister & Ferrara, 1986).

Sowizral and Kipps (1984) pointed out that human experts use
two types of knowledge: "facts, or asser-tions about their area of
expertise... and... rules of inference that allow them to reason
within that domain” (p. 28-29). Eoth types of knowledge are used
to develop expert systems (Stefik, Aikins, Balzar, Benoit,
Birnbaum, Hayes—-Roth, & Sacerdoti, 1983).

Hayes~Roth, Waterman and Lenat (1983) documented
applications of expert systems to problems in prediction,
interpretation, diagnosis, remediation, planning, monitoring, and
instructional tasks. Although expert systems are designed

primarily to solve problems for the user, this is not their only
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function. For example, Waterman and Jenkins (198B6) pointed out
that an expert system can be used, "as a tool that guides and
simulates decision-making by its ability to explain the lines of
reasoning it uses to arrive at each decision it makes" (p. 95).

A number of expert systems have been developed for use in
special education. For example, i1n 1982 Colbourn developed a
prototype system to assist in diagnosing children with learning
disabilities. This system provided the user with a dianostic
report which could then be used in the development of a remedial
program. In 1984, Hofmeister developed "Class.LD," a system
designed to provide a "second opinion” regarding the accuracy of
a "learning disabled” classification. Subsequently, diagnostic
systems were developed to provide second opinions regarding the
accuracy of "behavior disordered" classifications (Ferrara, Raer,
% Althouse, 1987) and "intellectually handicapped classifications
(Giere, Williams, % Ferrara, 1988). Systems have beesn developed
to provide instructional programming prescriptions prior to
placing students in special education (Ferrara, Serna, % Baer,
1986; Haynes, Filato, % Malouf, 1987), and to prescribe the type
of training needed by regular educators who serve handicapped
students (Haynes, Filato, % Malouf, 1987). Systems have also
been developed to assess the appropriateness of procedures
followed in developing an individualized education plan (Farry,
198&a).

Hofmeister and Ferrara (.986) emphasized the training value
of the "intelligent knowledge base" of an expert system. They
pointed out that this knowledge base is a "model of reality” and

can be used to help learners test their diagnostic and



classification skills. The knowledge bases of expert systems
have been used in such simulation-based training programs to
successfully teach special education concepts (e.g., Farry,
1986b: Prater & Altnouse, 1987; Thornburg, Baer, Ferrara, %
Althouse, 1988).

Halpern (1984) discucsed how expert system technology might
be applied to the instruction of students with learning
disabilities. Halpern noted that students with learning
disabilities are often acadeaically unsuccessful because they are
unable to analyze large problems into simple, basic sub-problems.
Halpern suggested that because expert system computer technology
splves complex problems using variations of simple commands, the
technology "has been used as a powerful research tool in
investigating... theories of buman thinking” (p. 1335) and may
hav= direct application to instructing students with learning

disabilities.
Summary Statement

In summary, the computer technologies of computer-assisted
instruction and artificial inteliigence programming techniques
appeared to have the potential to alleviate some of the
difficulties that bhave restricted the implementation of strategy
instruction. The technology of computer-assisted instruction,
and especially the development of tutorial programs appeared to
offe- a means by which students could acquire skills in the
rationale and steps of study strategies. The technology seemed

to offer the capacity for the development of well~-structured
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strategy instruction programs that could be used as a tool by
both teachers and students. Expert system technology appeared to
offer a means by which educational simulations of strategy use
could be developed, allowing students to practice the
metacognitive skills involved in the application of learning

strategies.
Furpose of the Froject

The purpose of this project was to explore the potential of
applying the technologies of computer—assisted instruction and
expert systems to alleviate the teacher-related difficulties that
have restricted the implementation of strateqy instruction. A
computer-aided instructional system would be developed to provide
direct instruction in the rationale and steps of study
stratzgies, and practice in the use of metacognitive skills as
strategy steps were applied to common school comprehension tasks.
It was expected that the product developed would furnish teachers
with a useful framework fnor the presentation of strategy
instructiﬁn, preparing them for explaining and modeling the

application of study and metacognitive strategies.

FLANNING AND DEVELOFMENT OF A FROTOTYPE FROGRAM

TO TEACH STUDY STRATEGIES
Prior Flanning

The validated study skills program "Metacognitive Approach
to Study Strategies,” by Jan and Alan Sheinker, was selected as

the basis for the instructional presentations developed in this

11
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projec’ because it provides a useful outline for instruction in
study and metacognitive strategy use. The Sheinkers’' curriculum
is designed to teach the study strategies of skimming,
summarizing, notetaking, and outlining. 7The curriculum is
designed to be used in conjunction with content materials
currently in use in classrooms, facilitating the generalized use
of study strategies and critical thinking skiils arross content

areas.
Development of a Frototype Frogram

Initially, computer-assisted instruction modules were
designed to be used independently by students. 1In this
"individual learning station" (ILS) approach, student were to
complete modules on their own at a computer work station. These
initial CAI modules were developed on the Macintosh Hypercard
programming environment to teach the procedures required for the
use of the study strategies of skimming, summarizing, and
creating an organized set of notes from academic reading
material.

There were four or five lessons developed for each strategy
module. The first lesson introduced the rationale for the use of
the strategy. The following lessons gradually presented
individual strategy steps and the rationales for these steps.
The final lessons offered students opportunities to make a
limited application of the strategy to increasingly more complex
reading passages.

Attempts were made to apply principles for the design of

effective computer-assisted instruction (Vargas, 1986). The

12
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content of strategy incstruction modules was analyzed and
presented in carefully constructed sequences. Students were
required to make a high rate of responses to objective
comprehension questions concerning the use and rationale of
strategy steps. For example, students were required to supply a
missing term to complete a statement about strategy use, and were
required to identify the portions of a reading passage that
should be read in skimming the passage. Feedback was provided
immediately following each student response. To ensure reading
difficulties did not interfere with tutorial completion,
instructional frames were read to students via synthesized speech

software.
Evaluation Instruments

The prototype product was evaluated by two means. First,
comprehension tests were developed to assess students’
understanding of the rationale and steps of the three study
strategies under instruction (see Appendix A). Secondly, the
teacher supervising the preliminary field test was interviewed to
obtain a qualitative evaluation of the usefulness of the

tutorials for strategy instruction.
Froduct Obljectives
The objectives of the product included:

1) Following training, students would demonstrate mastery by
obtaining scores on the strategy comprehension tests with at

least 80 percent accuwracy.
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2) Teachers would provide positive evaluations of the
individualized tutorial programs, and indicate a desire to

continue using the programs in the future.

FROTOTYFE EVALUATIDN AND PRODUCT REVISION

Subjects

Two ninth-grade students attending the Alternative High
School preogram in Rock Springs, Wyoming volunteered to
participate in the prototype evaluation. Both were below average
readers. Student "A" earned below expected achievement level
scores in the reading cluster of the Woodcock-Johnson Fsycho-
educational ERattery, Fart 1]l (eighth—-percentile by age). Student
"R" parned below expecied achievement level scores in the reading

total of the SRA SBurvey of Rasic Skills (24th percentile by age).

Data Collection and Procedures

Before students began each computer-—-assisted instruction
module for study strategy instruction, they were pretested using
the comprehension test developed for that module. Following
pretesting, they were instructed how to use the ILS modules.

They were told to read the information presented on each screen
of the computer-presented instruction before advancing to the
next screen, and to respond to each guestion presented.

If a student provided an incorrect answer to a gquestion, the
correct answer was presented, and the program branched to review
the content relevant to the gquestion. The question was then

presented again. The computer required that a correct response
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be given for each question before allowing the student to proceed
to new material.

After students had completed all lessons of a strategy
instruction module, they were posttested. After all modules had
been completed by the students, the field test teacher was
queried to identify strengths and weaknesses of the instructional

approach.

Results

As subjects were completing the lessons of the Skimming and
Summarizing computer—assisted instruction tutorials, it became
evident that the ILS instructional approach was not satisfactory.
The final instructional module, Notetaking, was never
administered.

Student A obtained a pretest score of 29 percent on the
Skimming Module. He obtained a posttest score of 100 percent.
Student B obtained a pretest score of 29 percent on this Module;
she obtained a posttest score of 86 percent (see Table 1).

Student A obtained a pretest score of 50 percent on the
Summarizing Module. He obtained a postest s ore of 60 percent.
Student B obtained a pretest score of 90 percent on this Modules

she obtained a posttest score of 70 percent (see Table 1).



TABLE 1: Froutotype Evaluation Results

Pretest: Posttest:
Skimming
Student A 29 percent 100 percent
Student B 29 percent 846 percent
Summarizing
Student A S0 percent &0 percent
Student B 0 percent 70 percent

The field test teacher observed that the nature of ILS
computer~based instruction is alien to fostering metacognitive
skills., She noted that ILS instruction is set up in & way that
there is a "correct answer,” and students seek to find the answer
they believe the teacher wants to hear.

The teacher commented that the ILS tutorials "look to be
effective for teaching the procedures required for strategy use,”
but "cannot provide the process experience essential to learning
to think through content." She cautioned that, as a result,
"students do not generalize the use of strategies to other
content.”

The teacher noted a discrepancy in the learning styles of
the two subjects. These subjects differed in their degree of
independence, learning style, and learning speed. She observed
that one student seemed to attend to the content presented by the
computer, while the other seemed to "click" his way through the

material. He responded to multiple-choice exercises by guickly
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choosing an answer, whether correct or incorrect. He tended to
continue making errors until a correct answer had been provided
for each lesson exercise. Subsequently, he was unable to
demonstrate mastery of strategy steps on a comprehension
posttest.

The field test teacher contrasted the results obtained in
this evaluation with those she felt could be obtained from group-
based strategy instruction. 6She noted that, in group-based
instruction, the teacher serves as a facilitator and does not
provide "the correct answer." Instead, students must be actively
involved in creating their own responses and are more likely to
generalize the application of strategies tc new material. The
teacher suggested that the observed differences in the learning
styles of the two subjects would not have presented a problem in
group—-based instruction because group-based instruction allows
students to participate "at their own level" and benefit from the
models provided by stronger students.. Group-based instruction
forces students to analyze and justify their responses.

In summary, the field test teacher stated,

"While an attempt is made on the tutorials to require
students to provide justifications for their responses, they
are not subject to the intense self-evaluation that is
prompted in the group by both teacher and peers. The group
interaction is a critical component for which a computer

program, however intelligent, cannot adequately substitute.”
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Discussion

The prototype program produced mastery-level scores on the
Skimming strategy comprehension test and failed to produce
mastery-level scores on the Summarizing strategy comprehension
test. However, -“eedback provided by the field test teacher led
the developers to re—~-think how computer technology might aid
teachers in presenting strategy instruction.

As the field test teacher indicated, the tutorials taught
only procedures for the use of study strategies. They failed to
provide the "process experience” of "learning to think through
content.” The tutorials provided only limited opportunities for
students to apply the strategies they had learned.

The prototype evaluation revealed that an individual
learning station (ILS) approach was inappropriate for strategy
instruétion for at least two reasons. First, present day
computer technology i not sensitive to, and cannot anticipate
the kinds of responses that must be made in the application of
study and metacognitive strategies. This technology can only
test for understanding of comprehension within an "artificial”
domain of response choices. For example, comprehension of
reading passages can only be assessed by how well a student
responds to objective multiple choice questions. Secondly, the
technology does not serve as & useful model for teaching the
appli&ation of strategies.

Students’ effective use of study and metacognitive

strategies rests on their ability to "construct" responses while

reading. Students must be able to provide answers in their own
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words, and paraphrase what they have read. They must be able to
argue why tihey have given a particular answer in response to a
self-study guestion, and why they have created a particular key
point for a summary.

The research literature supports the suggestion received
from the field test teacher that strategy instruction should be
more effective when conducted in a group setting. For example,
reciprocal teaching (Palinscar % Brown, 1984) emphasizes
interactive communication and a mutual flow of information. This
instructional approach concentrates on four strategies for
fostering and monitoring reading comprehension—-— predicting,
questioning, clarifying, and summarizing. These strategies are
embedded in training sessions in which the teacher and students
take turns leading a dialog concerning the text. Falinscar and
Brown found that "talking about thinking" helped students to
summarize relevant information and detect errors in the text.
They also found that students transferred these strategies to
lessons in science and social studies.

In the instructional approach of cooperative learning,
students work together to complete tasks (Webb, 1982). One of
the variables used to explain the positive effects of cooperative
learning is the fact that when students give and receive help,
they learn about strategies, metacognition, and motivation from
each other (Newman, 1290).

Faris and Winograd (1990) suggested that the oral discussion
that takes place during cooperative learning can help members of
a group learn because it prompts debate and the restructuring of

ideas. Even disagreements may help individuals seek new
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information, or consider old information from a new perspective.
In addition, as Webb (1982) found, students in cooperative
learning situations may be more motivated and less anxious than
students working in other instructional settings.

Metacognitive Approach to Study Strategies (MASS, Sheinker %
Sheinker, 1989) also makes use of a group setting. In this
program, the classroom teacher is a facilitator who operates as a
model and catalyst for student learning. Students are taught to
apply study strategies to the content te:xts already in use in
their classroom.

At the beginning of each MASS instructional session, the
steps of a strategy under instruction, and the rationale for
those steps are reviewed. Students are then directed to
independently apply the strategy under instruction and create,
for example, a cet of answers to self-study questions or a set of
key points. After students have applied the ctrategy, a group
problem~solving discussion begins.

In this discussion, students cooperatively create a set of
answers or key points to be listed on the classroom blackboard.
Each student’'s daily grade depends on how well their own answers
or key points correspond to those cooperatively created. As a
result, students are motivated to have their own answers and key
points considered. However, before a student’'s answer or key
point can be accepted by the group, the student must provide a
justification for it.

Under these conditions, a great deal of critical thinking is

modeled for the class by those seeking to have an answer or key



point accepted. In adoition, every member of the class is
motivated to be involved in the problem—-solving process.

Group—-based instructional approaches provide useful models
of strategy application and the means by which "constructed”
responses can be evaluated. However, these approaches depend
heavily on teachers’ background knowledge in cognitive and
metacecgnitive strategy use and on their resources for producing
instructional materials.

In view of feedback received from the field test teacher and
information gained from a further review of the literature, the
developers sought to revise the program. The computer would be
used to provide a structuwe for the presentation of initial
instruction in strategy use. It would also provide a gquide for
the application of strategies in group discussions. The
devel opers recognized the need to place responsibility for the
management of class discussions, and the evaluation of student

responses with the teacher.
Froduct Revision

Instructional modules of the prototype program were revised
to facilitate teacher~directed and group-based instruction. 1In
the revised program, four units of instructional materials were
prepared. In the first unit, students learned how to apply a
skimming strategy to locate the most important information in a
reading passage and answer the self-study guestions, In the
second unit, they learned to apply a summarizing strategy to
identify the key points in a reading passage, develop & set of

paraphrased key points, and modify their set to develop a written
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summary. In the third unit, students learned to identify
important information and supporting details in a reading passage
in order to develop an organized set of notes. In the final
unit, students were taught methods for selecting an appropriate
strateqgy and applying it to common school tasks.

Computer technology was used to assist instruction in two
ways. In both applications, computer instructional frames were
broadcast to the class via a Kodak Datashow device and overhead
projector.

"Hypercard" programming cechnology was used in the first
three units to provide a structure Lo assist teachers in
explaining the steps and rationale of study strategies and to
prompt the application of those strategies to example reading
passages. Hypercard technology was used in the final unit to
assist in describing fouwr important school tasks (preparing for
instruction, gathering information from instruction, completing
written assignments, and studying for tests) and how the
skimming, summarizing, and notetaking strategies could be used to
complete those tasks.

Also, in the final unit, “expert system” programming
technology was used to provide a guide for group-based discussion
of the application of metacognitive strategies. A combination of
procedural and artificial intelligence computer code was used to
generate & variety of "scenarios" in which imaginary students
responded to examples of the school task problems of preparing
for instruction, gathering information from instruction,

completing written assignments, and studying for tests. These
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scenarips were displayed to the class, and students were asked to
discuss the appropriateness of the procedures followed in
completing the problems. This system enabled teachers to model
how metacognitive strategies might be applied to solve school
tasks, and allowed students to discuss the application of those

strategies.

Strateqy Instruction

The first lesson of each study strategy unit began with &
presentation of the rationale for the use of that strategy.

Steps of the strategy were reviewed by the class. As strategy
steps were introduced to students, rationales for those steps
were presented.

In the early lessons of a strategy unit, the class as a
group applied the steps of the strategy to an example reading
passage. Example reading passages were chosen to be
representative of typical classroom reading material. In later
lessons, this level of prompting was faded, and students
completed strategy steps independently. Following the
application of each step, the rationale for the use of the step
was reviewed. The lessons of each strategy unit ended with a
review of the rationales for strategy steps, and class discussion
of those rationales.

fs recommended by the Sheinkers, responses to study problems
were "brainstormed” by the group, and the group discussed how the
strategy being taught helped to find those answers. For example,

in the Skimming Unit, the class brainstormed the answers to
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reading passage questions and discussed how skimming strategy

steps were useful for finding those answers.

Frompting of Student Responses

Critical oral and written responses were prompted throughout
each unit of instruction. For example, the computer presentation
developed for the Skimming Unit guided teachers to prompt oral
discussion following the presentation of each three or four
frames of instructicnal conlent (see Appendix B for a sample of
instructional script).

As the steps of the Skimming strategy were applied to a
reading passage, students were expected to identify steps
completed, identify ihe portions of a reading passage being
skimmed, and write answers to self-study questions on a lesson
workeheet (sec Appendix {0 for w sample lesson worksheet).
Finally, students ware expected to complete a written posthest in
which understanding of leceon rontent was evaluated (see Appendix
D for a sample lesson content quis).

The student responses that resulted from this prompting
allowed teachers to evaluate how well students had mastered the
content taught in each lesson and how well students could apply
that content. These responses enabled teachers to decide when
and if lesson content should be reviewed.

In summary, the developers sought to provide a convenient
means by which teachers could systematically teach study strategy
steps and their rationales, model the use of a strategy, and

encourage independent application.
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Evaluation Instruments

The revised product was evaluated by five means. First, the
ability of students to apply the skimming, summarizing, and
notetaking study strategies was evaluated by asking them to
correctly answer self-study questions, prepare summaries ot key
points, and create organized sets of notes from representative
reading passages (see Appendix E for a sample evaluation
instrument).

Secondly, the ability of students to correctly identiiy the
steps of metacognitive learning strategies that should be applied
in completing the school tasks of preparing for instruction,
wrriting reports, and studying tor tests was assesszsed (see
Appendix F for a sample evaluation instrument).

Thirdly, four sublests of the SRA Burvey of Basic Gkills
(reading vocabulary, roading comprehension, soclal studies, and
srience) were administered before and afier the wntire strateqy
instruction intervention to vield five standardized measures of
academic achievement (i.e., reading vocabulary, reading
comprehension, reading total, social studies, and sCience).

Fourth, a student satisfaction questionnaire was developed
(see Appendix B). The questionnaire provided fouwr statements on
which a student could eupress agreement or disagreement (by
providing a rating for each statement on a five point Likert—type
scale where | = disagree, T = no opinion, and 5 = agree).
Statements assessed whether or not students liked the tutorials,

learned from the tutorials, would use the content of the
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tutorials in other classes, and would like to try more lessons of
the type included in the tutorials.

Finally, a teacher satisfaction questionpaire was developed
to obtain a qualitative evaluation of the usefulness of the
computer product for strateqy instruction (fee Appendix H). This
questionnaire asked "open-ended” questions concerning, for
example, the helpfulness of the product as a teaching aid, the
instructional value of the product, and how the product could be

improved.
Froduct (Objectives
The objectives of the revised product included:

1) Following training, students would achieve siqgniticantly
improved scores on the instrument developed to assess study
strategy application skills.

2) Fnllowing training, students would achieve signifizantly
improved scores on the instrument developed to assess
metacognitive learning strateqy application skills.

3) Following training, studoonts would achieve significantly
improved scores on the five measures available from the SRA
Survey of Basic Skilis.

4) A majority of students would indicate satisfaction with
the product (by providing an average Likert-scale rating of
greater than 3.0 in response to the four statements on the
student satisfaction questionnaire).

5) Teachers would indicate that the product was useful to

them as an aid for strategy instruction.
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MAIN FIELD TEST
Subjects

A tocal of B89 reading delayed junior and senior high school
students volunteered to participate as subjects in the main field
test. These students attended the classes of two volunteering
field test teachers.

Fifty-two subjects were reading delayed students attending
three sixth-grade Chapter One reading classes at the Logan Middle
School in Logan, Utah. This group achieved the following mean
pretest scores (in grade equivalents) on subtes?s of the SRA

Survey of Basic Skills:

Mean: S5t. Dev.: Range:
Reading Vocabulary 5.2 1.0 Z.0-6.7
Reading Comprehension S.3 i.8 2.4-9.8
Reading Totail 5.2 1.2 T.1-7.9
Social Studies S. 2 1.3 3.0-7.8
Science 5.1 2.2 2.7-12.7

Thirty—-seven subjects were reading delayed students
attending three special materials classes at the Rock Springs
High School in Rock Springs, Wyoming. OFf the 37, 17 were
identified as learning disabled and five were identified as
behavior disordered or seriously emotionally disturbed. This
group achieved the following mean pretest scores (in grade

equivalents) on subtests of the SRA Survey of Basic Skills:



Mean: 5t. Dev.: Range:

Reading Vocabulary 8.6 1.7 4,.9-12.7
Reading Conprehension 6.5 1.8 3.5-11.0
Reading Total 7.6 1.5 5.2-11.3
Social Studies 8.4 2.4 4.35-12.7
Science (data unavailable)

Research Design and Frocedures

Before training began, the program developers instructed the
main field test teachers in how to use the computer-based
strategy instruction program and when to administer the
evaluation instruments.

Students were administered four subtests of the SRA Survey
of Basic Skills before they began training.

A one-group pretest-—-posttest research design (Borg & Ball,
19873) was used to evaluate the extent to which the product met
its performance objectives in each of the Jjunior and senior bigh
school groups. Before each unit of the study strategy curriculum
students were administered the first of three versions of the
strategy application test developed for that unit (pretest). The
teacher used the Hypercard computer-based program to introduce
and explain the steps of a study strategy and rationale for those
steps, and to prompt application of the strategy, as well as to
guide participation in discussion of the application. Following
the computer—guided instruction, students were administered a
second version of the strategy application test (posttest #1).

Subsequently, the teachers duplicated the strategy

instruction approach to provide students with practice in

28

J4



applying the strategy to classroom content materials. This
practice period lasted for approximately one week. At the
conclusion of this practice, students were administered the final
version of the strategy application test (posttest #2).

These procedures were followed for each of the skimming,
summarizing, and notetaking strategy instruction units.

Before each lesson of the fimal unit, Using Skimming,
Summarizing, and Notetaking, students were pretested with the
metacognitive learning strategy application test. The teacher
used the Hypercard computer-based program to describe four
important school tasks, and how the study strategies learned in
earlier units could be used to complete those tasks. The teacher
used the expert system computer-based program to guide group-
based discussicn of the application of metacognitive strategies.
Following the computer-guided discussion, students were
posttested with the metacognitive strategy application test.

After students had completed all units of the study and
metacognitive strateqy instruction program, they were posttested,

using the SRA Survey of Basic Skills.

Results

Study Strateqgy Application Skills

To evaluate the effectiveness of the Hypercard computer-—
based program in improving students’ skills for applvying the
skimming, summarizing, and notetaking study strategies, two-
tailed repeated measures t-tests were applied to make three “a

priori" comparisons:



Comparison 1: between pretest scores and scores obtained
following the computer-based presentation (posttest 1);

Comparison 2: between posttest 1 scores and scores obtained
following class practice (posttest )3 and

Comparison 3: between pretest scores and posttest 2 scores.

Comparison 1 evaluated the effect of computer-presented
instruction alone. Comparison 2 evaluated the effects of
additional improvements due to class practice following the
computer-presented instruction. Comparison 3 evaluated the
effects of the combination of both the computer-presented

instruction and the class practice that followed.

Skimming Strategy Instruction.

Teacher "I". Tests revealed that posttest 1 scores were
significantly greater than pretest scores. Fosttest 2 scores
were statistically equivalent to posttest 1 scores. Fosttest

scores were significantly greater than pretest scores (see Table

2.

Table 2: Skimming Strategy Instruction (Teacher "1')

Mean: St. Dev.:
pretest 4.1 3.1
Comparison 1
posttest 1 6.4 5.7
(t = 4.53; df = 49;
two—tailed critical value for p < .05 = 2.01)
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posttest 1 6.5 3.7
Comparison 2

posttest 2 6.1 4.4

(t = Q.79; df = 873

two—-tailed critical value for p < .03 = 2.01)

pretest 4.2 3.1
Comparison 3

posttest 2 6.2 4.5

(Lt = 2.96; 4f = 463

two~tailed critical value for p < .03 = 2,01)

Teacher "S". Tests revealed that posttest 1 scores were

statistically equivalent to pretest scores. Fosttest 2 scores

were significantly greater than both posttest 1| scores and
.

pretest scores (see Table

Table 3: Skimming Strategy Instruction (Teacher "S")
Mean: St. Dev.:

pretest 12.4 3.9
Comparison 1

posttest | 12.8 a6

(t = Q.66 df = 323

two-tailed critical value for p = .05 = 2.04)

posttest 1 12.9 3.3
Comparison 2

posttest 2 14.4 2.9

(t = 2.17; df = 263

two~tailed critical value for p < .03 = 2.04)

pretest 2. 2.6
Comparison 3

posttest 2 14.5 2.7

(t = X.74; df = 30;

two~-tailed critical value for p < .00 = 2.04)
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Summarizing Strategy Instruction

Teacher "I1". Tests revealed that posttest 1 scores were
significantly greater than pretest scores. Fosttest 2 scores
were statistically equivalent to posttest 1 scores. Fosttest 2

scores were significantly greater than pretest scores (see Table

4).

Table 4: Summarizing Strateqgy Instruction (Teacher "I")

Mean: 5t. Dewv.:
pretest 1.1 1.7
Compar-ison 1
posttest 1 He) 1.6

(t = 2.70; df = Z4;

two~tailed critical wvalue for p < .05 = 2,03)

posttest 1 2.1 1.7
Comparison 2

postitest 2 1.8 1.8

(t = 1.01; df = Z23

two~tailed critical value for p < .03 = 2.04)

pretest 1.1 1.6
Comparison 3
posttest 2 1.9 1.6

(t = 2.49; df = 363
two-tailed critical value for p -~ .00

1}

2,03

Teacher "S". Tests revealed that posttest | scores were
significantly greater than pretest scores. Fosttest 2 scores
were statistically eguivalent to posttest 1 scores. FPosttest 2

scores were significantly greater than pretest scores (see Table

9.
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Table S:

Comparison 1

Comparison 2

Comparison Z

Notetaking Strategy Instruction

Teacher "1".

between pretest,

Table 63

Comparison 1

Comparison .2

posttest 1,

pretest
posttest 1
(t = 6.99;

two—-tailed

posttest 1
posttest 2
(t = 0.00;
two-tailed
pretest

posttest 2

(t = 6.71;
two~-tailed

pretest
posttest 1
(t = 0.10;

two~tailed

posttest 1
posttest 2
(t = 1.70;

two-tailed
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Summarizing Strategy Instruction

Mean:

1.0

[ Y
wlta o

df = 28;
critical

5-:
.35
d¥ = 263
critical
1.0
5.1
df = 28;
rritical

and posttest

Notetaking Strateqy Instruction

Meran s

Z.1

J.2

df = 383
critical
3.3

4.5

dgf = 383
critical

{Teacher "S")

St. Dev.:
1.4
2.9

value for p < .00 =
2.8
2.9

value for p < .05 =
1.4

value for p

scores (sep Table &).
{Teacher "I™)
5t. Dewv.:
2.9
2.7
valur for p < .03 = 2,03
e 7
4.4
value for p « .03 = 2,03

S

o

e O

il

Tests revealed no significant differences

2.085)

2,085



pretest 3.5 .4
Comparison 3

posttest 22 4.5 4.4

(t = 1.19; df = 38;

two—tailed critical value for p { .03 = 2.03)

Teacher "S8". Tests revealed that posttest 1 scores were

significantly greater than pretest scores, posttest 2 scores were
significantly greater than posttest 1 scores, and posttest 2

scores were significantly greater than pretest scores (see Table
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7).
Table 7: Notetaking Strategy Instruction (Teacher "S")
Mean: 5t. Dev.:

pretest 4.9 2.6
Comparison 1

posttest 1 6.8 3.9

(t = 2.95; df = 173

two—-tailed critical value for p L0858 = 2.110)

posttest 1 H.8 3.3
Comparis & 2

posttest 2 10.2 3.9

(t = 4.08; df = 173

two-tailed critical value for p < .05 = 2.11)

pretest 5.1 2.6
Comparison 3

posttest 2 10.3 3.9

(t = 6.35; df = 173

two-tailed critical value for p < .00 = 2.11)
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Summary of Strategy Application Results

In summary, comparison { showed that computor-presented
instruction alone produced significant increases in skimming and
summarizing application scores for students of tsscher Y1I%, and
signiticant increases in summarizing and nntetaking application
scores for students of twacher "S". Comparison 2 showed that
additional class practice failed to produce significant increases
in any of the strategy application acorese for students of teacher
"I, but produced significant increasas in skimming and
notetaking application scores for students of teacher "S".
Finally, Compariscn X showed that the combination of both
computer~preaented instruction and class practice produced
sigmficant increases in skimming and summarizing application
arores for students ot teacher "I", and signifirant increases in

all three strategy application scores for students of teacher V85"
(sce Table 8).

Table 8: Study Htrateqgy Application Scores

Significant "o priori” Comparison Findinos

Comparison 3 Comparison .2 Compar {son 3

{(pretest: (posttost 1 (pretesti
tu to to
posttest 1) posttest ) posttont )

Skimming

Teacher “I® significant signi ficant
Teacher "S$* significant significant
Summari 2ing
Teacher "I significant wigni ficant
Tracher "8" significant significant
- Notetalking

Teacher "1v

Teacher "S*" significant significant significant
1
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Metacognitive Learning Strategy Application Skills

To evaluate the effectiveness of the expert system—based
guide for group discussion of the application of metacognitive
learning strategies in completing school tasks (preparing for
instruction, writing reports, and studying for tests), two-tailed
repeated measures t-tests were applied to compare students’

pretest and posttest scores.

Preparing for Instruction

Tests revealed thal the posttest scores of students in the
classes of Teacher "I" were significantly greater than their
pretest scores. The posttest scores of students in the classes
of Teacher "S" were also significantly greater than their pretest

scores (see Table 8).

Table 8: Metacoanitive SGtrategy Instruction:

Freparing for Instruction

Mean: 5t. Dev.:

pretest 15.3 2.8
Teacher "IV

posttest 16. 3% 3.0

(t = 2.15; df = I8;3

two-tailed critical value for p < .03 = 2.02)

pretest 14.8 3.9
Teacher "S"

posttest 16.9 2.8

(t = 3.29; df = 19;
two—tailed critical value for p < .05 = 2.09)
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Writing Reports

Tests revealed that the posttest scores of students in the
classes of Teacher "1" were significantly greater than their
pretest scores. The posttest scores of students in the classes
of Teacher "S" were also significantly greater than their pretest

scores {(see Table 9).

Table 9: Metacognitive Strategy Instruction:

Writing Reports

Mean: 5t. Dev.:
pretest 10.4 2.
Teacher "1V
posttest 12.0 i.9
(t = 4,903 df = 353
two-tailed critical value for p @ .05 = 2,03
pretest 10.3 2.1
Teacher "S"
posttest 15.1 1.%

(L = 4.353; df = 15;
two-tailed critical value for p - .05 = 2.17)
Studying for Tests
Tests revealed that the posttest scores of students in the
classes of Teatcher "I1" were not statistically different from
their pretest scores. However, the posttest scores of students
in the classes of Teacher "5" were significantly greater than

their pretest scores (see Table 10).
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Oummary of Metacognitive Strategy Application Reoultd

In summary, tests revealed that the "Freparing for
Instruction” guide produced significant increases In application
scores for students of both teacher "I" and teacher "8". The
"Writing Reports” guide produced significant increases in
application scores for students of both teacher "I" and teacher
"8§", The "Btudying for Tests” guide failed to prnduce
gignificant increases in application acores for students of
teoacher "I”, but produced significant increases in applicatyon
scores for students gt teacher "S".
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Table 10: Metacognitive Etrategy Instruction:

Studying for Tests

Mean: 8t. Dev.:
pretest 13.2 2.6
Teacher "1I"
posttest J.7 3.9

(t = 0.94; df = 263
two-tailed critical value for p 4 .05 = Z.06)

pretest 12.9 2.1
Teacher "G
posttest 14.4 2.5
(t == 2.44; df = 18;
two~tailed critical value for p « .03 = 2.10)

Standardized Tecst Results

Toe evaluate improvements in academic achievement, reprated
meanures t-tests were applied to make comparisons between the
five sets of pretest and posttest scores available from the SKRA
Survey of Basic Skills (reading vocabulary, reading

comprehension, reading total, social studies, and science).

Reading Vocabulary

Tests revealed that the reading vocabulary posttest scores
(reported in grade equivalents) of students in both the cl asses
of Teacher "I1" and Teacher "5" were not significantly different

from their pretest scores (see Table 11).




Table 11: Standardized Test Results:

Reading Vocabulary

Mean? St. Dev.:

pretest 9.2 1.0
Teacher "1"

posttest 9.0 1.2

(t = 1.88; df = 373

two-tailed critical value for p < .05 = 2.0

pretest 8.5 1.7
Teacher "S"

posttest 8.8 2.

(t = 0.80; df = Z9%

two-tailed critical value for p < .03 2. O5)

N
b3

Reading Comprehension

Tests revealed that the reading comprehension posttest
scores (reported in grade oquivalents) of students in both the
rlasses nf Teacher "1" and Teacher "S" were not significantly

different from their pretest scores (see Table 12).

Table 12: Standardized Test Results:

Reading Comprehension

Mean: St. Dev.:
pretest .1 1.6
Teacher "1
posttest 4.7 1.7

(t = 1.35; df = 38;

two-tailed critical value for p < .05 = 2.02)

pretest 6.2 1.7
Teacher "S8"

posttest 6.7 2.2

(t = 1.09; df = ZB;

two-tailed critical value for p < .05 = 2.03)
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Reading Total

Tests revealed that the reading total posttest scores
(reported in grade equivalents) of students in the classes of
Teacher "I1" were not significantly different from their pretest
scores. However, the posttest scores of student in the classes
of Teacher "S" were significantly greater than their pretest

scores (see Table 120.

Table 13: Standardi-ed Test Results:

Reading Total

Mean: 5t. Dev.:

pretest 3.0 1.1
Teacher "I

posttest ol 1.3

{(t = 1.01; df = 323

two-tailed critical value for p < .00 = 2.04)

pretest 7.4 1.4
Teacher "9"

posttest 7.8 1.2

(t = 2.14; df = 28B;
two~tailed critical value for p < .05 = 2,005)
Social Studies
Tests revealed that the social studies posttest scores
(reported in grade equivalents) of students in both the classes
of Teacher "I" and Teacher "S" were not significantly different

from their pretest scores (see Table 14).
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Summary of Standardized Test Resulls
revissd stratogy

In summary, tests rpevealed that the overall
instruction program failods to produce significant increases in
any subtest score for students pf teachsr "17, and prodguc ed
signiflicant increases only in the reading total acore for

students of teacher "S°,
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Teacher

Teacher

ceisnce

14: Standardized Test Results:

Social Studies

Mean:
pretest D2
posttest 9.2
(t = 0.10; df = 33;

two~tailed critical

4

pretest 8.
posttest 8.2

(t = 0.24; df = 28;
two—-tailed critical

value

value

Tests revealed that the science posttest

grade equivalents)

of students in

the classes

St.
for p «
for p «

scores {

of Teacher

not significantly different from their pretest scores

1.

rlasses of Teacher

Teacher

HSH

Table 15:

were not available.

Science
Mean:
pretest 5.0
posttest .9
(t = 1.24; df = IT3;

Standardized Test Results:

St.

two—-tailed critical value for p <

BEST COPY AVAILABLE
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reported in
"I" were

(see Table

Posttest and pretest scores from the students in the

Dev.:
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Student Satisfaction

Forty-nine student satisfaction gquestionnaires were returned
from the students in the classes of teacher "1"; Thirty-four were
returned from the students in the classes of teacher "5". The
ratings provided by each student were averaged to produce a mean
satisfaction score. Satisfaction was defined as a mean score of
greater than 3.0 on the five-point Likert-type scale. Forty—four
(90 percent) of the 49 mean scores computed for the students in
the classes of teacher "1" indicated satisfaction with the
computer-bhased program. Eight (24 percent) of the 34 mean scores
computed for the students in the claszes of teacher "S5" indicated

satisfaction.
Teacher Satisfaction

The Teacher Satistaction Questionnaire asked the field test
teachers to respond to a number of open-ended guestions
concerning difficulties encountered, appropriateness of content,
instructional value of the product, and suggested instructional
applications.

Roth teachers experienced minor technical difficulties with
the equipment. Teacher "1 reported that she had difficulty
starting the program on two occasions. Teacher "S" {found it
difficult at first to use the Macintosh computer because she had
not used it before. However, she stated "Once I became more
comfortable with the MAC it was not a problem." She found that
students using the computer to "make up lessons” were able to

utilize the program with very little assistance.
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Teacher "1" reported the content of the tutorials to be
“very" appropriate. However, she found the reading level to be
slightly advanced for &th-grade at-risk students, and frequently
paraphrased for them. She indicated that students liked the
program, and stated, "Most students reported that they learned
new skills and used them occasionally in content classes.”

Teacher "S" pointed out that the tutorial examples relied
heavily on science reading examples, whereas she was using the
computer-based program to teach strategy use in a social studies
class. She stated, "1 experienced a lot of difficulty wilh
students over the content used to instruct the strategies.  Many
students didn’t like taking so much time out of their content
area to learn study strategies primarily taught through another
subject matter. The tutoriosls would have been much more
cuccessful if they had been more threctly related to the class
subJect matter.”

Teacher "5" 1ndicated the raading leevel was appropriate for
the classes she taught. However, she staled, "readability was
complicated because many of the students were unfamiliar with the
rontent vocabulary and there really wasn’t enough time to develop
background knowledge that would have added reading
caomprehension.”

When asked how the tutorials were helpful, teachesr "17
responded, "they saved time because 1 wasn’t required to put
prxamples on the board; I could return to review concepts that
were nol firm.  The program gave me & cansistent guide for

presenting information across my classes.”



Teacher "S" stated, "The tutorials were great for
introducing the strategies but did not provide enough different
instructional opportunities to teach to mastery.‘ I felt very
rushed in the timelines set up and feel this hurt the
effectiveness of the tutorials. 1 needed more class practice
activities and instructional time prior to taking the quiz or
having the student take the second passage exam.”

Teacher "1" concluded that the product was useful because it
provided ready made training materials for the instruction of
study skills. Teacher "S$" said, "This type of tutorial would be
excellent in an Englizh curricuwlum that was directed tovards
study strategies, in a remedial reading program at the secondary
level, in an elementary curriculum or resource room program. The
tutorials are very teacher riendly and would be an waicellent way
fur & teacher who is nob familiar with the strategies 1o instruct
them. Having everything prepared moakes them easy to utilize 1in

the olaceroom. "

CONCLUSINONG AMD IMFLICATIONS

Conclusions

The revised training program was largely successtful in
meeting the student learning objiectives established {for iti.
"Hypercard” computer-presented instruction alone produced
significant increases in ctrategy application scores in two of
three strategies for each teacher. Jhe expert system-based

discussion guides produced significant increases in five of six

measures of metacognitive strategy knowledge. However, with one
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exception, the program did not produce significant increases in
standardized test scores.

Applications of computer technology in the revised product
could be considered successful in addressing many of the teacher-
related difficulties that have been identified as restricting the
implementation of strategy instruction programs in the past. The
product provided a vehicle for teachers to learn study and
metacognitive strategies as they initially presented strategies
to studonts. 1t also reduced a demand on teachers® tinme required
for the ipitial preparation of structured presentations by
supplying necessary exzamples and auides for instruction.

In the prototype program, students had been asked to
independently use a computer to learn study strategy procedurecs.
Howavar , the learning environsent created in individualised
computor-based learning programs can be artificial, as Hatawva
(1988) found, and may actually introduce new learning problems
for low-achieving students. Students may have difficulty
"adaplting" to Lhe environment.

Un the other hand, participation in group problem-solving
may assist low-achieving students to learn in a number of ways.
Studente are interacting with actual classroom materials, and can
follow along more =2asily because they can see how the teacher and
stronger students apply strategy skilles., This use of the group
process is supported by previous worlk. Two good examples are
Falinscar and Browns’ (1984) FKeciprocel Instruction and Webb's
{198322) Cowperaliive Learning. M2 training produclt was revised Lo
utilire the resources available in a group problem—solving

environmnent .
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Group problem-solving allows the evaluation of "constructed”
student responses by appropriate evaluation sources—— the teacher
and other students. Computer technology presently cannot
evaluate the types of responses that students need to make to
demonstrate they can apply study and metacognitive strategies.

It can, however, prompt aroup discussions of strategy
applications at appropriate times. In the revised training
product, the computer was no longer used to evaluate student
responsns, but was used to enhance the group’s role in evaluation

hy prompting discussions.

Imnplications

Foth main field test teacher s suggested the revised training
P Lar am was an "escellent” way to introduce study strategies to
stadents and would be usz2dul to new teachors. They recommendad
the proge am be used tor inittial ctrategy instruction, student
Fevisw, and bringing 1ncomng students "up o speed" with the
rest of the class. It i€ likely that using the prog am reduces
some teacher training demands because of the structure it
provides for instruction.

1t should be noted that the teacher more experienced 1n
group-hased instruction of study strategies, teacher "G,
emphasized the need to provide substantial amounts of practice in
applying study strategies to classroom materials. This teacher
stated that she felt constrained by the artificial timelines

establiched for the ressarch study.
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In addition, teacher "8 emphasized the need 1o aake the
content material used for stratoeqgy instruction relevant to the
classes in which the program is being used. Few of the students
in the classes of teacher "§" expressed satistaction wiih the
training program because, as teacher "8" euplained, her students
didn’'t like learning strategies in a subiect matter unrelated to
the olass they wore in Ao toacher 8" stated, "The students had

difficulty seeing beyond the science vantonl o realsze the

B!

process was the resl contoentst

In reviewing the reendts orf the presont study, thoe
devielopers considered the poscibil:ibe ov doveloping a "contend-
froe" compuler-basod shell fo gude discussion during sty
st atedy instruction.  O0F corr o, saeh o shell o conld not proviade
covainp L of condent applioaty e

fwe pronfuct dovedopead o Coasstchr ed To booa means by
whiich beachors conld syaleaatically roibiate jostruction 1o
woverad reporLant sbudy strateglos. Tt oo nte his andtial
instroction becanse it provides vooampies and a quide for groap--
braced discussion,

In futurs implencntalions of the product, the developerc
would wrge wsers to ensuro the content examples used in the
proagran wore relevant Lo bhoe conbont boing taught 1o the olass in
which the proaram is Lo be used.  The developers would alwo
emphasize the neod for Leachers to proorde additional strategy
are bication practizeo boyond that prospted in the computer-hased

[2iCCp G
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Appendix A

Sample Prototype Comprehension Test
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Name:.

SUMMARIZING PRE/POSTTEST

1. Find the best words to complete the following statement:

when we summarize, we read for the purpose of finding the
most important information in a reading passage, and
that information into a brief paragraph, or summary.

1) compare
2) condense

2. What are key points? (Two of the following are correct)

A) statements of details.

B) statements of the most important information.
C) statements of facts.

D) statements that can be used to form a summary.

3. Why do we skim a passage before summarizing?

A) Because it helps us to locate facts contained in the
reading passage.

B) Because it helps us to locate details contained in the
reading passage.

C) Because it helps us to locate information contained in
the reading passage.

D) Because it helps us to locate the most important
information contained in the reading passage.

4. Which of the following words best completes the sentence:

can give us a good idea of what the author
thinks is most important.

Reading slowly
Self-study questions

5. Find the word that best completes the following sentence:

If you think that the first sentence in the paragraph
contains the key point, look at the other sentences in the
paragraph as well. If the first sentence contained a key point,
it will usually be by the other sentences which will
give details about the key point.

supported
replaced
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6. Find the best word to complete the foliowing sentences:

When we make up a list of key points from a reading passage,
sometimes the list contains points that should not be considered
key points. They are likely to bi facts, or details that

key points.

support
are

7. Read the following paragraph and underline the sentence that
contains a key point:

The interview method is used to see what an individual’s
personality is like. A rating scale is also used to judge
personalities. A personality inventory or questionaire also
gives information about people and the way they act toward
others. Personality can be measured in several different ways.

8. The following is a key pecint from the reading passage.
"Forecasting weather is a very helpful service”.

With which of the following key points may this point be
combined?

A) A weather expert can usually tell what weather conditions
will follow in the next day or two.

B) Weather warnings often save crops.

C) Weather warnings may even save lives.

D) Thousands of people plan their trips and even their daily
clothing according to the reports of the weather experts.

E) Forecasting the weather is one of the services the United
States government provides for its citizens.

9. Read the following paragraph, and create a key point
statement:
Passage title: "Muscles"

All body movement from blinking an eyelid to kicking a ball
requires the use of muscles. Digestion, circulation of blood,
and excretion of wastes also depend on the action of muscles.
Muscle is tissue that moves the parts of your body. The more
than 400 muscles of the human body make up about a third of a
person’s body weight.

Self-study question: How do muscles help you to live?

Your key point:

b1
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Skimming Lesson 1 G 8/29/89

Welcome to Skimming!

Skimming Strategy:

3 < In the Skimming Strategy, you will leamn
What is Skimming? o about skimming: a way o read material
‘ : FAST 10 LOCATE IMPORTANT
INFORMATION.

Press thw forvard srrov to begin Lasson 1.

In school, you have : In school, you have
many things to read, . ‘ many things 1o read.

Skimming helps
Chemistry you cover your

Because you have { Social Studies 1 | ;‘;‘;{_‘gg":a‘mﬂ

so much to read
' i
you need a way of

e e |sctenca |
| Biology ||

assignments for
school, you have 1o
find ANSWERS 0
QUESTIONS in
reading material.

bb




Skimming Lesson 1 G

Before continuing, you nced to have:

1) Reading passage
2) Lesson 1 Worksheet
3) Pencil

e e Ay =

Ul e e mmsrm—

On the Lesson 1
Worksheet, look at
the "Steps for
Skimming.” This is
a list of sicps you
follow when you
skim.

Ty

ere

R M A

t

A4

f

Skimming heips
you quickly find
ANSWERS 1o
QUESTIONS.

Find the Lesson 1
Wortksheet. On
the lines, write:

Your Name

Today's Date

Your Teacher's Name
This Class Period

As a class, read
the seven sieps
for skimming,.

The first step of the
Skimming Strategy is:

1) Read QUESTIONS
for the maierial,

BEST COPY AVAILABLE



Skimming Lesson 1 G

You read the
QUESTIONS,
because they tell you
what to pay attention
to when you read the

passage.

The second step of the
Skimming Strategy is:

2) Read the
INTRODUCTION
and SUMMARY.

8/29/89

As a class read the
QUESTIONS.

:

R ,:—:a_.;.l.’:,;.:‘: .","',',1‘

On the Lesson 1
Worksheet,
check the box to
show you have
done Step 1.




Skimming Lesson 1 G

You read the INTRODUCTION and SUMMARY,
becavse the MAIN TOPICS covered in a passage

The third sicp of the
Skimming Strategy is

3) Read the FIRST
and LAST
sentences of all

other paragraphs.

bY

8/29/89

ming Stesd » Whatss Skinursngy? W
y

Find the FIRST
paragraph after the
INTRODUCTION.

ST T = TR

~

W

On the Lesson 1
Worksheet,
check the box to
show you have
done Siep 2.




Skimming Lesson 1 G 8/29/89 5

Now, as a class, read
and draw s line under
the FIRST and LAST
sentences of all

rermining paragraphs.

On the Lesson 1 : ‘ The fourth sicp of the
Worksheet, - Skimming Strategy is:
check the box to
show you have _ \ 4) ANSWER
done Step 3. i ‘ _ QUESTIONS

. for the matenal.

As a class, read QUESTION 1.
PANAANNAAAANANNAANNANNN
Ton e s cems o iy ey S0, Thechrcarwes a1 3 4 You can find the
oeresans 1o pamri of ot T oy o f LRl 18 470 ANSWERS 1o most
A T SURTL TSN SN0 DANINS S WRyY et Rulp thmmn i 3 W femA. .
) » QUESTIONS in the
L v : parts of the passage

3 in vt gors of 1ie Ly o e donare s . you have read.
4 Nae Chrw s found 09 bt o .

Look in the parts of the passage you read and
undetlined 1o find an ANSWER 1o QUESTION 1.

) Group Discussion 1:

On the Lesson 1 . - Now, you will check your answer to
Worksheet, N - Question 1 with a group discussion.
write your ¥ Begin discussion with these questions:

answer 1o
UESTION ; 1) What is yozsr ANSWER for this
Q ON i. question?

Sy = | 2) How many STEPS did you have to do to
! find
that answer?




Skimming Lesson 1 G

Aad

Al
ST 0100 s e, Tou ey S cf ot o 0
e A hews divs Dot 4 Suge (e Ay Momdve i St

Quumien
- :" .:: \: b.‘ﬂ:’- h"nu
4. N tyen aniigaly vant £ 0 Gt

L xk in the parts of the passage you read and
underlined to find an ANSWER we QUESTION 2.

Now, yoa wiil check your answer to
Qaestion 2 with a group discustion.
Begin discussion with these quesuons:
1) What is your ANSWER [lor this
question?
2} How mauny STFPS did you have to do to

find
that answer?

On the Lesson 1
Worksheet,
write your
answer 1o
QUESTION 3.

As 8 class, read QUESTION 4.
AV AN AAAAANNLAAAN A,
Ty

Tho s 6 Doces for ooy tivisg
mu‘o:m
50,00 GowarArew sen Talien R St Ut ol A ol 4 00 et

Querian
‘,Mwhm of Sasane?
Tinone
v L nAd Lot e

Look in the parts of the passage you read and
underlined to fipd an ANSWER to QUESTION 4.

On the Lesson §
‘Worksheet,
wrile your
ANSWET 1O
QUESTION 2,

As a class, read QUESTION 3.

Lt
W vt o
TR fE00Y RS of LMY TNE 1

Loox in the pans of the passage you read and '
underlined to find an ANSWER to QUESTION 3,

Now, you will check your answer to
Queston 3 with a group Jiscussion,
Begin discussion with these quesnions:

1Y What is »our ANSWER Jor this
question?
2) dow many STEPS did you have to do to
find

that aprver?

On the Lesson }
Worksheet,
write your
anNswer 1o
QUESTION ¢,




Skimming Lesson 1 G

Now, you will check your answer to
Question 4 with a group discussion.
Begin discussion with these questions:
1) What is your ANSWER for this
gurstion?
2) How many STEPS did you have to do to
find
that answer?

On the Lesson 1
Worksheer,
check the box 0
show you have
done Step 4.

help you find
ANSWERS to
QUESTIONS.

You answer as many QUESTIONS as you
can now, because you have read the MOST
IMPORTANT INFORMATION in the
passage. You can probably ANSWER
MOST of the QUESTIONS.

Th DR s rawiy T e
S

.‘ R Y SR

D N G e v L Y - S e
.

Authors give you
QUESTIONS 10
help you find the
MOST
IMPORTANT
INFORMATION.

You have
completed the
first FOUR steps
of the Skimming
Strategy.

Why do authors give you QUESTIONS?




Skimming Lesson 1 G

"Deserts.” You read
ONLY the pants that
are underlined, You
DID NOT have to
read the whole

passage.

Authors give you QUESTIONS
to help you find IMPORTANT

The Skimming
Strategy helped you:

Because you DID
NOT have 1o read
the whole passage,
you covered the
material FASTER.

* cover reading
material
FASTER.

* find ANSWERS
to QUESTIONS.

A good answet is:
How can skimming help you?
Skimmung can heip you:

* cover reading masenal FASTER a;u
* find ANSWERS 10 QUESTIONS.

Congratulations! You have finished the first

lesson in the Skimming Strategy: What is
Skimming?

1o the next lesson, you will I am more about
HOW 10 nse the Skimmir ; Strategy.

Give the Lesson 1 Quiz now.
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Skimming Strategy: Quit

Click on the button of your choice. Flease rexd bullon operstons
carsfully.

Return to the prewvious scroen

< ERIC

Aruitoxt provided by Eic:
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Steps for Skimming
Skimming involves reading through material rapidly to locate information.

Step 1: Read questions for the material.

Step 2: Read introduction and summary.

Step 3: Read first and last sentences of all other paragraphs.
Step 4: Answer questions for the material.

Step 5: Locate key words for unanswered questions.

Step 6: Reread sentences or paragraphs containing key words.

Step 7: Answer remaining questions.

Q 7‘) .




Deserts
Introduction

The deserts of North America are home to many differents kinds of !ife.
The living conditions found in the desert are very harsh. The plants and
animals that live in the deserts are adapted to live with the difficult
conditions found in the deserts.

The Deserts of North America

The deserts of North America are located in the southwestemn part of the
United States. The are in the Great Basin, between the eastern and western
ranges of the Rocky Mountains.

There are two types of deserts: the cold desert and the hot desert. The
northemn desert is the cold one, the southem desert is the hot one. In the
summer months both deserts are hot. But, the northern desert is colder in
the winter months. An important thing to remember about a desert is that
the temperatire changes durong a 24-hour period. Temperatures, during a
summer day, are above 100 degrees. At night, the temperature can drop to
near freezing.

Winds blow often and with great force across deserts. Sand, which
makes up much of the desert soil, is blown into hills of sand called dunes.
Many beautiful rock formations are carved out of the stone by the sandpaper
action of windblown sand.

You may be surprised to find that deserts are not caused by high
temperatures, but by a lack of water. Very little rain falls in the desert.
Less than 10 inches of rain falls on the desert each year. And that amount
can fall all at one time. When rain falls, the land cannot soak up much of the
water. Also, there are not enough decayed plant materials or plants to
absorb the rain. Since the air is hot, much of the water evaporates before
plants and animals can use it. Most of the remaining water runs off. Only
the top of the ground gets wet.

Plant and Animal Adaptations to the Desert

Living things can survive in such a dry environment by conserving all
the available water. Many desert plants complete their whole life cycle in
the very short time that water is available. They grow from seeds and
produce flowers. Then they produce seeds and die. These seeds can
withstand very high, or very low temperatures. They will not begin to grow
until the right conditions retum.
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Name:

Date:

Teacher:

Period:

Worksheet 1

Steps I followed for the reading passage "Deserts.”

Done

Step 1:
Step 2:
Step 3:
Step 4:
Step S:
Step 6:
Step 7:

Read questions for the material.

Read introduction and summary.

Read first and last sentences of all other paragraphs.
Answer questions for the matenal.

Locate key words for unanswered questions.

Reread sentences or paragraphs containing key words.

Answer remaining questions.

Answers to questions for the reading passage "Deserts.”

1.




Appendix D

Sample Lesson Content Quiz




Name:

Date:

Teacher:
Penod:

Lesson 1 Quiz

1. Why do authors give you questions?

2. How can skimming help you?
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Start time: Name:

Date:

Finish time: Teacher:

Period:

Skimming Posttest

1. How can skimming help you?

2. Why do authors give you questions?

3. Why can you answer most questions with the first four steps of the
skimming strategy?

4. How are key words used in the skimming strategy?

5. Why do authors highlight words?
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Appendix E

Sample Strategy Application Test
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Nan.o KEV

Start Time: Teacher:
) . Peried:
Finish Time: Date:
Weather
The Atmosphere

@, Earth is surrounded by a blanket of gases about 500
km thick. This is Earth's atmosphere. The atmosphere @
helps to hold in Earth's heat. In addition, it protects %
Earth’s suriace from harmful rays of the sun. The
atmosphere is difficult to detect on a clear day. You don't
sense its presence unless the wind is blowing.

The gases of the atmosphere push down on Earth's
surface with great force. Force applied on a given area of
surface is called pressure. The force exerted by the 53
atmosphere on a given area of Earth's surface is cailed
atmospheric pressure, or air pressure. Atmospheric
pressure at Earth's surface is sometimes referred to as
one atmosphere of pressure.

You notice differences in air pressure when it
changes rapidly. Think of what happens when you are on
a fast-moving elevator. The plugged-up feeling in your
ears is caused by a change in air pressure. Air pressure
decreases as height above Earth's surface increases. The
Jow pressurc at high altitudes makes it necessary for
airplanes to have pressurized cabins.

Atmospheric pressure is measured with n
instrument called a barometer. In the 1600's, Otto von
Guericke made a giant barometer to demons‘rate air
pressure. He attached a 10-m pipe almost full of water to
the side of his house. The bottom of the pipe was in a tub
of water. When air pressure increased on the wier in the
tub, the water rose in the pipe. When the pressure
decreased, the level in the pipe dropped. Von Guericke
tried to predict weather as the water-level rose and fell.

Scientists have found that the atmesphere consists of
several layers. The layers differ in such physical
propertics as pressure and types of gases. The most
significant characteristic of each layer, however, is its
pattern of temperatures.
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The layer of the atmosphere closest to Earth is called
the troposphere. It contains about 90% of the total mass
of the atmosphere. The troposphere is about 16 km thick
at the equator. It thins toward the poles. The temperature
of the troposphere is highest at Earth's surface. It
decreases gradually with height. The lowest temperature
in the troposphere is found at its upper boundary--the

fropopause.

Almost all of Earth's weather occurs in the @
troposphere. For this reason, it is the part of the
atmosphere that has the most noticeable effect on our
daily lives.

The layer above the troposphere is called the
stratosphere. The stratosphere begins about 16 km above
the Earth's surface. It is about 32 km thick. In this layer
there is a steady increase in temperature due to the
absorption of high-energy ultraviolet rays from the sun.
(Ultraviolet rays are invisible rays with higher energy
than visible light.) You may have heard of the oZone
layer. This is the part of the stratosphere where
absorption of ultraviolet rays occurs. The ozone layer is
a broad band of gas that extends through most of the
stratosphere. A molecule of oxygen is made up of two
atoms of oxygen. When oxygen molecules are hit by
ultraviolet rays, they break apart into separate oxygen
atoms. Some of these atoms then combine with other
oxygen molecules, forming ozone, which h7s three atoms
of oxygen.

Scientists worry that the ozone layer can be
destroyed by some of the gases used in spray cans. Some
of these gases react with ozone. This reduces the amount
of ozone in the ozone layer, allowing more ultraviolet ~
rays to reach Earh's surface. Ultraviolet rays can be' >/
harmful to living things. For example, people who are
exposed to large amounts of ultraviolet rays are more
likely to get skin cancer. This is one reason people are
cautioned to limit exposure to the sun, or to use special
lotions that block out ultraviolet rays.

The upper boundary of the stratosphere is called the
stratopause. Beyond this the temperature decreases again.
The layer above the siratosphere is called the mesosphere.
In the mesosphere the temperature decreases to -100
degrees C. The thermosphere lies above the mesosphere.
Here the temperature increases to several thousand
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degrees. Ultraviolet rays from the sun bombard the gases
in the thermosphere. This ionizes (charges) them. These
jonized gases form a layer within the thermosphere called
the ionosphere. The ionosphere has electrical properties,
and because of these, the ionosphere is used to relay radio
communications around the world. Radio waves can be
reflected off parts of the ionosphere. This allows them to
travel farther around Earth.

The outermost part of Earth’'s atmosphere extends
from cbout 480 km out to 960 km. This part is called the
exosphere. There is no real boundary between the
exosphere and outer spacer. The gas particles just get
farther and farther apart. Some may be kilometers apart.

The composition of the atmosphere varies. The two
lower levels (the tropospliere and stratosphere) contain
the mixture of gases that we call air. The most abundant (.5
gases in air (by volume) are nitrogen (78%), oxygen
(21%), argon (0.9%), and carbon dioxide (.03%). there
are a nuniber of other gases, including water vapor, in
air. “hese gases, however, make up less than 0.1% of the
air.

Air contains many solid particles also. Dust-sized
bits of matter from industry and volcanic eruptions are
examples. In addition, the ocean adds salt particles to the
air as water evaporates from ocean spray. Substances that
enter the atmosphere may travel far from their sources.
They may eventually affect the weather.

Wind

Wind is air in motion. You have probably observed
how changeable wind can be. Sometimes there is hardly
any wind. At other times, it is difficult to move against it.
Wind is something you can't see, but you can see its’
work. :

The major cause of wind is the unequal heating of (’_,j
Earth. Energy from the sun is not received equally ail
over Earth’s surface. The greatest amount of energy is
received where the suu's rays striking the surface are
verticc!, that is, at right angles to the surface. A vertical
ray delivers more energy per square meter of surface
than does a slanting ray. As a result, areas receiving
vertical rays are warmer. Because Earth's surface is




curved, some places receive vertical rays while other
places receive slanting rays.

Other factors also affect how much of the sun's
energy is received by Earth. As the sun’s energy nears
Earth, it is affected by the atmosphere. Some energy is
reflected back by clouds. Some is absorbed in the
stratosphere or by water vapor in the troposphere. And
some is scattered by dust particles in the air. A little less @
than half of the sun's energy that reaches the atmosphere
arrives at Earth's surface.

Some heat is added to the atmosphere by the ground.
Energy from the sun comes to the surface of Earth in
short, high-energy waves. These are absorbed by the
ground. Earth, in turn, radiates long, low-energy waves
back to the atmosphere. In this way, the ground adds a
small amount of energy to the atmosphere. The long-
wave energy radiated by Earth is absorbed by carbon
dioxide in the atmosphere. The "trapped” energy causes
the atmosphere to become warmer. This is called the
greenhouse effect, because greenhouses work on the same
principle. The greenhouse effect keeps Earth, warmer LJ/
than it would be without an atmosphere. :

As a result of unequal heating, air is warmer in some
places than in others. Warm air expands, becomes less
dense, and rises. Cooler air then flows in to replace the
warm air. The result is wind. The warmer air cools as it
rises, becomes denser, and sinks again. This motion of air
is called a convection current or cell. The principle of
convection is used in some heating systems in homes.

A common example of iocal air convection cell
occurs along the seashore. Land heats up faster in the
daytime than water does. During the day, warmer air /..
over the land rises and flows toward the water. Cooler Y
air from over the water flows in to replace the warm air.
The result is a cool onshore breeze, or sea breeze. At
night, the reverse takes place. Land cools more rapidly
than water. The warmer air over the water rises and
moves toward the land. Cooler air from the land flows in
to replace the warm air. The result is an offshore breeze,
or land breeze.
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Wind Patterns

If Earth were not rotating, air heated at the equator
would rise, spread toward each pole, and sink as it cooled.
Cool air would then move along the surface toward the
equator. The winds at the surface would always be from
the north or south. However, Earth's rapid rotation
from west to east affects air currents. Earth's rotation
causes air to be deflected in a clockwise direction in the
Northern Hemisphere and in a counter-clockwise
direction in the Southemn Hemisphere. This change in the
path of movement caused by Earth's rotation is called the
Coriolis effect.

In the region between 30 degrees N and 30 degrees S
the surface winds are mostly fiom the east. These are the
trade winds, or tropical easterlies. Between 30 degrees N
and 60 degrees N and 30 degrees S and 60 degrees S, the
surface winds are from the west, the so-called prevailing
westerlies. Finally, between 60 degrees N and 90 degrees
N and 60 degrees S and 90 degrees S, the winds are from
the east - polar easterlies. This is the global pattern of

winds on Earth. Notice that winds are named according '{,'.3’\.;
to the direction from which they blow. (I

Warm air rises because it is less dense than cool air.
Cooler air, being more dense, exerts a higher pressure
than warm air. Thus, when cool air flows in to replace
rising warm air, the air flow is from a region of higher
pressure to a region of lower pressure. Regions of high
and low pressure, caused by unequal heating of the
atmosphere. determine which way the wind will blow.

Wind blowing outward from a higl. pressure area in
the Northern Hemisphere is deflected by the Earth's
rotation. The wind moves clockwise. Wind blowing
inward around a low pressure area in the Northern
Hemisphere is deflected in a counterclockwise direction.
(In the Southern Hemisphere, these directions are
reversed.) The greater the difference in pressure and the
closer these systems are together, the faster the winds will
blow.

High above Earth's surface are upper-level windﬁ,‘;

called jet streams. These are about 10 km above Earth’s
surface in the middle latitudes. The jet streams are caused
by extreme differences in pressure at this level of the



ammosphere. The miajor jet streams in the Northern
Hemisphere blow from west to east.

High level winds in the atrnosphere are not slowed
down by contact with Earth’s surface. The air is less
dense at this altitude, so winds can reach very high speeds--
as great as 400 to 500 km/h.

By observing the ~ath of a jet stream, meteorologists
(scientists who study w3 weather) can predict the paths of
highs and lows on the surface. High pressure areas, or
highs, on the ground are usually under highs at upper
levels. Low pressure areas, or lows, on the ground are
under lows in a jet stream. Pressure systems on Earth's
surface behave like shadows of the jet streams above
them.,

Clouds and Precipitation@

Clouds form when warm, moist air rises. As it rises,
the warm air expards and cools. As air cools it loses its
ability to hold water vapor. As warm, moist air rises and
cools, it reaches a temperature called the dew point. At
this point the water vapor it is holding starts to condense,
or change to liquid water. Water condenses on a solid
surface. (You may have seen this happen on the outside of
a glass of cold water.) Water in the atmosphere condenses
on dust of salt particles. These are called condensation
nuclei. Clouds are made of billions of water droplets that
have condensed out of the air.

There are many different kinds of clouds, but they
are classified into three main types. Stratus clouds are
layered clouds that usually cover the whole sky. Cumulus
clouds are billowy clouds that look like huge heaps of
cotton. Cirrus clouds are high, thin, wispy clouds.

Once you know the three main cloud types, a few
other terms are all you need to help you name clouds. For
example, nimbus, which is Latin for "rain,” can be added
to cloud names. Cumulcnimbus clouds, also called
thunderheads, are huge, towering clouds that form when
a cumulus cloud exnands into a vertical rain cloud.
Cumulonimbus clouds bring winds, lighming, showers,
and sometimes hail. Nimbostratus clouds are sheetlike
clouds that usually bring rain. The prefix alto is often
used to identify clouds of intermediate height. Alrostratus
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and altocumulus are "middle-level” clouds. The term is
used to describe stratus clouds at ground level is fog.

Cloud droplets are very tiny. It takes a million cloud
droplets to make one raindrop! When enough cloud
droplets accumulate, a drop becomes heavy enou gh to fall
as precipitation.

The kind of precipitation that falls depends on four
major factors: the type of cloud from which it falls, the
temperature of the cloud, the temperature of the air
through which it falls, and the temperature of the
ground.

Rain is probably the most common form of
precipitation. It can fall from any cumulonimbus or

cold layer of air and is frozen by the time it hits the
ground. Sleet usually originates in high stratus clouds.
Drizzle 3 i

the ground is below freezing, the drizzle freezes as it hits
the ground.

nimbostratus cloud. Sleet is rain that has fallen through a}

sometimes stay suspended in the air as a mist. Drizzle(;5>
forms in low-lying stratus clouds. If the temperature-

\,

If the clouds are high and cold enough, the water”

freezes in the cloud and starts out as snow. If it melts on
the way down, it lands as rain. If the temperatures are
low enough all the way down, the precipitation remains
STIOW.

Hail is another form of frozen precipitation. It
usually accompanies thunderstorms and comes from
cumulcnimbus clouds. If the clouds are piled up
extremely high, the winds inside the cloud form strong
convection cells. In these cells, raindrops are lifted to
heights where it is so cold they freeze into hailstones.
Hailstones can be tossed up and down within the cloud
many times. They pick up layers of ice as they move.
When they get heavy enough, they fall. The largest
recorded hailstone was 19 cm in diameter, about the size
of a volleyball. A hailstorm can do a tremendous amount
of damage in a few minutes. Hailstorms often flatten
growing crops such as grain.

The amount of precipitation varies around the world.
Some places, such as the Atacama Desert in Chile, have
never recorded any rainfall. In contrast, Mt. Waialeale in
Hawaii receives about 1200 cm each year!
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Questions

47 What is the atmosphere?

2 Name two ways the atmosphere effects Earth?

-3. What is atmospheric pressure?

-4, In what layer of the atmosphere does weather occur?

5. How could a change in the ozone layer affect life on
Earth?

_67 What is the most abundant gas in the air?

~7. What is the major cause of wind?

About how much of the sun's energy that reaches

Earth's atmosphere actually arrives at Earth's surface?

What does the greenhouse effect do to the temperature

of Earth?

Describe the cause of a seabreeze.

What is the name for the change in the path of

movement of air caused by Earth's rotation?

How are winds named?

What are jet streams?

How does knowing the path of a jet stream help

weather prediction?

What causes a cloud to form?

What are the three main types of clouds?

What is another name for a cumulonimbus cloud?

. What is the difference between sleet and snow?

19. What kind of cloud produces hail?

~20. What kind of cloud produces drizzle?
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Name:

Teacher:

Period:

Date:

Answer Sheet for Weather

10.
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11.

12.

13.

14.

15.

16.

17. ..

18.

19.

20.
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Skimming Answers: Weather
What is the atmosphere?
A blanket of gases around Earth.
Name two ways the atmosphere effects Earth?
Hoids in heat.
Protect's Earth's surface from harmful rays.
What is atmospheric pressure?
The force exerted by the atmosphere on a given area of Earth's surface.
In what layer of the atmosphere does weather occur?
In the troposphere.
How could a change in the ozone layer affect life on Earth?
Any one of the following:
1. By allowing more ultraviolet light to reach Earth's surface.
2. Ultraviolet light can be harmful to living things.
3. Can cause skin cancer.
What is the most abundant gas in the air?
Nitrogen.
What is the major cause of wind?

Unequal heating of Earth's surface.

About how much of the sun's energy that reaches Earth's
atmosphere actually arrives at Earth's surface?

A little less than half.
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10.

11.

12.

13.

14.

16.

17.

What does the greenhouse effect do to the temperature of
Earth?

Keeps Earth warmer.

Describe the cause of a seabreeze.

Primary answer: Land heats up faster than water.

OK if further explanation included: Air rises over the land and goes
toward the water. Cooler air flows in from over the water to replace the

warm air.

What is the name for the change in the path of movement of
air caused by Earth's rotation?

Coriolis effect.

How are winds named?

According to the direction from which they blow.
What are jet streams?

Upper level winds.

How does knowing the path of a jet stream help weather
prediction?

By xnowing the path of the jet stream, scientists can predict the paths of
highs and lows on the surface.

What causes a cloud to form?

Clouds form when warm, moist air rises.

What are the three main types of clounds?

Stratus, cumulus, cirrus.

What is another name for a cumulonimbus cloud?

Thunderheads.
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18. What is the difference between sleet and snow?
Sleet is rain that has fallen through a cold layer of air and is frozen by the
time it hits the ground. Snow happens when water freezes in the clouds.
Also: Snow starts in the clouds.

19. What kind of cloud produces hail?
Cumulonimbus.

20. What kind of cloud produces drizzie?
Drizzle comes from low-lying stratus clouds.

Comes from stratus clouds.

Comes from low-lying clouds.
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Appendix F

Sample Test of Metacognitive Knowledge
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Name: Date:

Teacher: Period:

Preparing for Instruction: Pretest Posttest

Study the following examples, and try to determine if each
student has done everything he or she should have to properly
prepare for instruction.

If a student has done e«verything he or she should have,
circle the word "complete". If a student has not done everything
he or she should have to prepare, or has done something
incorrectly, circle the numbers of the activities which he or she
has missed or has done incorrectly.

The four activities that should be done to prepare for class
are:
1. Find out what material will be covered in class by looking
at a class assignment calendar or schedule or by asking
the teacher. .
2. Skxim to answer the questions.
3. List the key points.
4. Make up a list of questions for any material that seems
unclear.

Example
AARERAARERRATRAAAERA RIS kk kR rb kb dbrdhhrhrhakd

This is how Jeff prepared for class the next day:

Jeff looked on his class assignment calendar to determine
what materials to study. After skimming the materials, Jeff
answered many of the questions. He then listed the key points he
found in the materials. Jeff didn’t have time to list his
questions about the material.

what is missing? 1 2 3 4 complete
% ¢ Jc Yo % o B e 9 O o de ok 9 ok A ok o o vk o ok o ol b o o o o o o ot o o ok e o A o e ok ke ke e

Exercises

e Y 22232222222 2222222222 222 R a2 2 2 2 22 & 0 2t
1. This is how Ann prepared for class the next day:

Ann ask the teacher what materials to prepare for the next
day. After skimming the materials, Ann answered many of the
questions. Using the things she’d practiced when she learned how
to summarize, Ann listed the key points of the material. She
carefully listed a question about every part of the material she
didn’t understand.

What is missing? 1 2 3 4 complete
e e Y Y1212 222222 222222222 2R 222 22 2 2 & 2 2 & 2
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************i****i****************i**i********
2. This is how Ann prepared for class the next day:

Ann wasn’t sure what materials to prepare, so Ann looked at
the class schedule. Ann used parts of the skimming strategy to
preview the material, but didn’t try to answer the questions.
Ann thought about what the main ideas might be for the material
but never made a list. Ann thought about things she didn’t
understand in the material but never made a list of questions.

What is missing? 1 2 3 4 complete
***********i***********************i**********

*********i*******i******t*********************
3. This is how Tom prepared for class the next day:

Because Tom didn’t get along well with his teacher, Tom
quessed about what materials he needed to prepare instead of
asking the teacher. Tom copied the answers to the questions from
a friend. Tom thought about what the main ideas might be for the
material but never made a list. He carefully listed a question
about every part of the material he didn’t understand.

What is missing? 1 2 3 4 complete
**********************************************

**********************************************
4. This is how Bob prepared for class the next day:

Since he’d lost his class calendar, Bob ask a friend, who had
his calendar, what materials to study. Bob read the materials.
Bob thought about what the main ideas might be for the material
but never made a list. He then listed the questions he had about
the material.

What is missing? 1 2 3 4 complete
*******************i**************************

**********************************************
5. This is how Ann prepared for class the next day:

None of Ann’s friends were sure what to study, so together
they decided what to study. Ann answered many of the questions
after skimming the material. Ann listed all of the key points she
could. Ann thought about things she didn‘t understand in the
material but never made a list of questions.

What is missing? 1 ? 3 4 complete
**************************w*******************
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Appendix G

Student Satisfaction Questionnaire
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Student Evaluation of Strategy Tutorials

Read the following statements. Circle the number to show how much you agree with
them.

1. 1liked the computer tutorials.

Disagree 1 2 3 4 5 Agree

2. I learned from the computer tutorials.

Disagree 1 2 3 4 5 Agree

3. 1 think I will use what I learned from the computer tutorials in my other classes.

Disagree 1 2 3 4 5 Agree

4.. 1 would like to try more lessons like the ones I have just completed.

Disagree 1 2 3 4 —5 Agree
Write a few sentences for each of the following:

5. The things I like most about the computer tutorials were:

6. The things that I would like to see changed were:
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Appendix H

Teacher Satisfaction Questionnaire
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Teacher Evaluation of Strategy Tutorials

Please consider and respond to the following questions. We will use your
responses as a basis for revision of the products.

1. How did you arrange your schedule to use th= computer tutorials?

2. Did you have difficulties operating the equipment? What difficulties did
peer tutors have?

3. How helpful were the tutorials? How would you change them to make them
more helpful?

Please consider:

Content appropriate”

Appropriate reading level

Instruction/explanation: good/bad? too much/not enough?
Examples uszd: good/bad? too many/not enough?

Questions used: good/bad? too many/not enough?

. -
. . . ™
. B LRUTE ~,_‘.£- pe L
l ‘ } 2 - -, g v.,?"* et L. 1'."_:\§. Los Tt ?.'.-}l“r RAREY X
B .- ¢



For the next two questions, a printed copy of the screens is enclosed. Please
circle any screens that presented difficulty for students.

4. Which sections did you like the best? Why?

5. Which sections need improvement? Why?

6. In what way did the tutorials help in your presentation?

7. How did the students like the tutorials? Were they motivated to complete the
lessons? Why, or why not?

8. If this product was available for sale, would you buy it? Why, or why not?

9. "n general, were these tutorials helpful to you as a teacher? Do you see a
place for them? Where and for whom?

¥

143

. X
- . .

. . .
A P

v . e gt -



