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SIMMARY OF FYNAL REPORT

This project included a series of eight. research studies related to the use of
canputer assisted instruction (CAI) with mildly handicapped students, either

at the junior high or high school level. These studies were designed to examins
a range of instructional design principles that have heen previocusly demanstrated
to be effective techniques in non-computer studies and the applicability of these
for umproving the effectiveness of different types of CAI programs and the
videodisc. Through videodisc and computer assisted instruction, project staff
were able to isolate the effects of the following inmstructional design variables:
(1) review cycles, (2) size of teaching sets, (3) explicit strategies, and

(4) correction procedures.

Several of the studies in the project involved three different kinds of
CAI-—drill and practice, tutorials, and simulations. Thus, a secondary

interest of these studies was to examine the impact of different design variables
acrcss a range of CAI program types. The results of these studies indicate

that properly designed CAI can be effective as an instructional medium.

For example, the Vocabulary Instruction study demonstrated that a skill requiring
considerable practice can be adequately taught on a computer, and the Reasoning
Skills program was successful at teaching a more complicated academic
task—-logical, inferences. The Math Word Problems study, however, appeared to
indicate that the best way to teach skills in this area may be through teacher
directed instruction first, with the camputer used for guided practice.

The specific cutcames of the studies in this project lead to a better under-
standing of the application of technology in special education as it is linked
to better instructional design principles. Another implicit cutcome of this
project is the need for careful consideration of the academic task, the stage

of instruction, and the role of the teacher in order to make optimal use of
camputer assisted instruction.




Abstract

Applications of computer technology in special education have all too often
come about because of enthusiasm over the hardware and selected software
programs. While most advocates in the field are adept at detailing technical
capabilities of this medium, little has been done in the way of systematic empirical
research into the use of computer assistec instruction (CAl) for the mildly
handicapped. This report summarizes eight studies conducted in this area over the
last three years.

Each study is grounded in the instructional design principles articulated by the
senior project director on this grant (Engelmann & Carnine, 1982) and others in the
field. These principles have beén empirically demonstrated as effective techniques in
non-computer studies and in fifteen years of research on effective curricuium design
variables as part of Project Follow Through. The studies described in this involved
the three different kinds of CAl (i.e., drill and practice, tutorials, and simulations) as
well as videodisc instruction. Three of the eight studies are refinements of the CAl
studies conducted during the first year of this grant. In each case, we attempted to
build upon the earlier study, either by investigating more specific hypotheses or by
testing improved versions of the software program.

As a program of research, these studies support our initial hyposthesis, namely
that empirically-based instructiona! design principles are applicable for improving the
effectivness different types of CAl programs and the videodisc media. Furthermorz,
our research enabled us t. begin to make some recommendations about teacher

practices in relation to tne use of educational technology.

Research Probl
The instructional design principles investigated under this grant have been

articulated by Engelmann and Carnine's (1982) Theory of Instruction. These

e+t d

pr-g

PN “a N
N, AN o]

T e .



- v

U

principles have been empirically demonstrated as effective techniques in non-
computer studies (e.g., Carnine, 1980; Carnine, Kameenui, & Woolfson, 1982; Darch,
Carnine, & Gersten, 1984) and in our fifteen years of experience with Project Follow
Through (cf. Stebbins et al., 1977).

Through videodisc and computer assisted instruction, we have been able to
isolate the effects of the following instructional design variables: a) review cycles, b)
size of teaching sets, ¢) explicit strategies, and d) correction procedures. We did this
in a variety of ways. Two of the studies compared software that we developed to
popular commercial CAl programs. In two other studies, we compared variants the
same software program, either by using different approaches or by using ditferent
versions of the same program. Two additional studies compared the use of
technology (i.e., CAl and videodisc) to traditional teaching prgctices. Figure 1 shows

the relationship of the different instructional design variables to the eight studies.

Figure 1
n ional ign Vanabl

Example Example Review  Correction Explicit

Studies

Vocabulary Instructior: X X

Matin Word Problems X X
Reasoning Skills | X

Reasoning Skills Il i . . X

Health Problem Solving |
Health Problem Solving 1

X X X X

Viceodisc Instruction X X




BResearch Methods

All of the studies described below were conducted with mildly handicapped
secondary students, either at the junior high or secondary level. All were selected
from special education resource programs and screened for skill deficits in the
targeted academic area. For example, all students in the math word problems study
were competent in basic arithmetic operations (through division) and knew how to
solve addition and subtraction word problems. Thus, it was appropriate to teach
these studetns word problems involving division and multiplication on the fucus of the
study. Students whose skills were above or below this level were not used in the
study; those who remained were randomly assigned to treatment conditions. Each
study involved a group design, with random assignment of subjects io conditions.
Finally, in order to precisely measure academic development, tests were created for
th2 particular academic skills taught in each study. When appropriate, measures of

knowledge transter were also included.

Findings

The research findings have been or will soon be published in a variety of
special education and technology journals. As each article fully documents the
procedures used as well as the specific findings, we have appended a copy of each to
this report. Except for the last two studies, which vrere completed in June of 1987 and
thus remain unpublished at the time of this report, all six studies are described in the
following six articles. We have also included abstracts of those two unpublished
studies. For ease of reference, the table below indicates which studies are associated

with the following articles.
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Atticle or Abstract

Study (or Studies)

Woodward, J., Carnine, D., Gersten, R., Gleason, M.,
Johnson, G., & Collins, M. (1986). Instructional
design pnncnples for CAl: A summary of four
studies.

Z(1), 107-118.

Johnson, G., Gersten, R., & Carnine, D. (1987).
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vocabulary acquisition of LD students: A study
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Collins, M., Carnine, D. W., & Gersten, R. (in press).
Elaborated corrected feedback and the acquisition
of reasoning skills. A study of computer-assisted
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Woeodward, J., Carnine, D., & Gersten, R., (in press).
Teaching problem-solving through computer
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Kelly, B., Camine, D. W., Gersten, R., & Grossen, B.,
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The sffect of an explicit strategy on student
comprehension of problem solving skills
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Abstract

Health Problem Solving I

An experimental study was conducted to determine the effectiveness of
teaching an explicit strategy to a group of special education students for solving a
series of health problems using computer simulations. Students were matched
according to reading ability and randomly assigned to either an experimental or
control group. They were given a pretest to determine their knowledge df basic health

concepts.

During an intervention period of fyurteen days, students in both groups studied
health using a traditional form of health curricula and ziso a compute health
simulation. The only difference between groups was the experimental students were
taught a specific strategy to apply to the computer simulation. The control group

received no such strategy.

Detailed study was completed on student performance across six test
simulations. The defined objective on the simulation was to make decisions that

would help surpass the profile's given life expectancy.

After the treatment period, four separate measures were given. The first test
measured the students' knowledge of basic concepts taught. The other three
measures examined students' ability to generaiize knowledge gained in the
simulations to new contexts. These included a series of videotaped health profiles

and written profiles.

Both groups scored significantly higher on the health concepts posttest than on

the pretest. While playing the test simulations, the treatment group scored significantly
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6
higher than the control in achieving the defined objeciive. This difference appeared to

be due to the strategy that the experimental students were taught.

No significant differences were found on the three generalizations measures,
with one exception. A significant difference was found on one of the videotape
measures, indicating experimental S's were more likely to correctly identify health

changes required.

On the written generalization measure, students were expected to identify and
prioritize health changes. Although able to identify the required and corresponding

behavioral changes, they lacked skills needed to prioritize these changes.

The results of an attitudinal survey indicate students generally felt they had
developed a strategy. They also strongly indicated they enjoyed studying health using
the computer and the simulation; few wanted to continue studying health using

traditional texts.

Researchers: Hollingsworth, M., Woodward, J., & Gersten, R.
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Applying Instructional Desldn’ Principles to CAl for Mildly Handicapped
Students: Four Recently Conducted Studies

John Woodward
Doug Carnine
Russell Gersten
Mary Gleason
Gary Johnson
Maria Collins

Journal of Special Education Technology. (1), 1986

Research for these studies was sponsored under the Department of
Education grant number G008400600. We would also like to thank
IBM for loaning us the computer hardware that enabled us to conduct
some of these studies.



Special education has passed through a piase whera computers have
been widely embraced and uncritically adopted. The enthusiasm over
computers and their poiential impact on special education can be documented
with little difficulty (e.g., Budoff, Thormann, & Gras, 1984; Blaschke, 1985). While
most advocates are adept at detailing the technical capabilities of this medium
(e.g.. immediate feedback, automatic scoring, individualized instruction), little .
has been done in the way of systematic research into the use of computers - in
particular, computer assisted instructior (CAl) - for the mildly handicapped. This
report summarizes four studias recently conducted in this area. They are the
beginnings of what we consider to be systematic research into CAl for the mildly
handicapped.

The limited research on the instructionai effectiveness of CAl for
handicapped and non-handicapped populations is complicated and often
contradictory. After a comprehensive search of the literature, Forman (1982)
concluued that achievement was rarely enhanced by CAl, even though students
exhibited positive attitudes toward such instruction. When studies do show
effects on learning (Edwards, Morth, Taylor, Weis, & Dusseldorp, 1975; Burns &
Boseman, 1981), they are modest and isolated, far from the more generalized '
impact on thinking skills that educators and enthusiasts have long claimed would
result from CAIl (Bangernt-Drowns, Kulik, & Kulik, 1985). We are not surprised by
these mixed findings, as little of the available software used in .Jpecial education
settings makes use of even the most rudimentary principles of sound
instructional design and effective teaching (cf. Stevens & Rosenshine, 1981;
Engelmann & Carnine, 1982; Brophy & Good, 1984).

In 1984, we began a series of CAl studies that examinied different

instructional design principles that have been articulaiad by Engelmann and
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Carnine (1982) and others. These principles have been empirically
demonstrated as effective techniques in rnun-computer studies (e.g., Carnine,
1980; Carnine Kameenui, & Woolfson, 1982; Darch, Carnine, & Gersten, 1984)
and in our fifteen years of experience with Project Follow Through (cf. Stebbins
et al., 1977). The studies described below involved the th:ae diffarent kinds of
traditional CAl: drill and practice, tutcrials, and simulations. Thus, a secondary
interest of this research was to examine the impact of different instructional
design variables across a range of CAl program types.

Through computer assisted instruction, we have been able to isolate the
effects review cycles, size of teaching sets, explicit strategies, and correction
procedures. We were able to do this in a variety of ways. Two of our studies
comparad software that we developed to popular commercial programs. In
another, we examined the effect of one variable (a correctioin procedure) by
modifying our version of the software. In the last study described in this report,
we used our software as an adjunct to a written curriculum to teach specific
problem solving skills. Figura 1 shows the relationship of the ditferent
instructional design variables to the four studies.

[Insert Figure 1 about here}

All of the studies desciibed below were conducted with mildly
handicapped secondary students. The two tutorial studies involved students
from different junior high schools in a medium sized district. In each of the two
remaining studies, the participating students were all from different class periods
at the same high school. Studerts were mostly while and from middle and wer
midadis claes families. All were selected from special education resource

programs and screened for appropriate skill deficits before it was determined if
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practice programs for teaching vocabulary to mildly handicapped adolescents
(Johnson, Gersten, & Camine, 1986). The study examined the effect of size of
the daily teaching sets and provisions for daily and cumulative review on the
acquisition and maintenance of word meaning. Two CAI vocabulary programs
were used to present the same 50 words and definitions.
Two designs were used in this study: 1) a time to mastery (Will there be a
significant ditference between times required to meet mastery criterion on the
50 words by students taught with the two different CAI programs?}, and 2) fixed
design, in which all subjects were tested after the seventh session. We also
looked at differences between pretest and posttest scores as well as
maintenance of effects two weeks after students achieved mastery.
Method
Twenty-four mildly handicapped high school students from an initia! pool of
38 students were matched by scores on a 50 item vocabuiary pretest and
randomly assigned to one of the two CAl programs. The students were all
referred to the school's special education program for remedial reading or
language arts instruction and were identified by the resource teacher as
needing vocabul'ary instruction. Students worked individually on & - -wsigned
program 20 minutes a day for 11 days. All of the words, which w.re the same
for both programs, were considered important by two or more special education
teachers. A final list composed of 25 verbs and 25 adjectives was "1sed.
The CAl Programs, One program used in the study, the Small Teaching
Set program, tests students on words and then creates lessons with the words
they cannot identify (Carnine, Rankin, & Granzin, 1984). After testing the
students on new words, the program provides instruction on a "teaching set" of

no more than three words which the student mis< . 4 on the test. Each lesson




also includes a "practice set” with a maximum of seven words. The student
must meet a specific mastery criterion on each word bafore it is removed from
the practice set. The program tests the student on new words and adds words
the student does not know 1o the practice set. Once the student has mastered
ten words, the program presents a cumulative review lesson on those words.

The other program, the Large Teaching Set program, teaches words in -
sets of 25 words (Davidson & Eckert, 1983). The student may choose to see the
words in any of four types of formats: (a) atoaching display which shows the
word, its definition, and one example sentence; (b) 2 multiple choice quiz
format; (c) an exercise in which a definition is displayed and the student must
spell the correct missing word to complete a sentence; and (d) an arcade-type
game in which the student matches words to their definitions.

Measures. A 50 item, multiple choice test was developed for the study (.79
coefficient alpha). This test was administered to all subjects as 2 pretest,as a
criterion reference test at the end of seven sessions, immediately after mastery
(or at the end of the eleventh session), and two weeks after mastery. There
were also two transfer measures. One was a 10 item objective test in which
students defined words orally. The other test required studaonts to answer
comprehension questions that require knowing the meaning of words in several
short passages.

Besults

Eight of the twelve subjects (67%) in the Large Teaching Set program and
ten of the twelve subjects (83%) in the Small Teaching Set program met
mastery criterion by the end of 11 sessions. The study was terminated after
eleven sessions because the experimenter felt that the subjects who were still

struggling to reach mastery were no longer benefiting from iqstmction. The
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mean number of sessions to mastery (for those who reached mastery) was 7.6
for those in the Small Teaching Set and 9.1 in the Large Teaching Set program.
Table 1 presents the descriptive statistics ‘or both groups. Results of a1- test
indicate this difference is significant (p < .05). Hence, subjects in the Small
Teaching Set program met mastery in significantly less time.

[Insert Table 1 about here]

A 2 x 2 analysis of variance (ANOVA) was performed on posttest and
maintenance test scores, indicating no significant main effect for type of
instruction. Results on the muttiple choice test in the fixed time design (i.e., the
test administered to all students after seven sessions) indicates a slight, but
nonsignificant difference in means favoring subjects in the Large Taaching Set
program. Differences between scores on two transfer measures were also
statistically nonsignificant.

Di ,

The unequivocal finding of the study was that the subjects taught with the
Small Teaching Set program reached mastery criterion on the set of 50 words
faster than subjects with the Large Teaching Set program. In addition, more
students in the Small Teaching Set program reached mastery within eleven

lessons. Given that the groups achieved equivalent levels of performance on
the muttiple-choice tests, their ditference in acquisition rates becomes even
more meaningful. Subjects taught with the Small Teaching Set program
required less time to meet mastery criterion on the words, yet their posttest
performance was equal to that of subjects in the other treatment who took
longer reaching mastery. in addition, the shorter instructional time which the

Smaller Teaching Set program subjects required did not negatively affect their

retention of word meanings.
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Jutorials
Reasoning Skills: Correction Procedures

Much of the recent literature on improving special education teaching
practices has stressed the importance of providing academic feadback to
students when they made errors (Camine, 1980; Riath, Poisgrov= & Semmel,
1981 Stevens & Rosenshine, 1981). Furthermore, a recent meta-analysis of -
the limited resaarch on corrective feedback by Lysakowski and Walberg (1981)
suggests that detailed corrective feedback is superior to merely teiling students
whether their answers are right or wrong. Just telling students they are wrong
(called a "basic correction”) does not help them solve the problem correctly.

1.ese authors suggest that students need to see an overt model of all the steps
necessary for an appropriate response. By observing a model of all the steps
necessary in obtaining a correct response, students receive detailed
information on how to solve the problem. This procedural knowledge should be
of use when they encounter similar types of problems. This type of correction is
referred to as an "elaborated correction.”

This was the first of two computer tutorial studies, and the primary intent
here was to examine whether remedial and mildly handicapped students who
receive elaborated correction procedures would perform significantly better
than students provided with basic corrections (Coliins, Carnine, & Gersten, in
press). We also examined any differences regarding acquisition time between
students. Reasoning skills were chosen as a subject because they tend not to
be routinely taught to special education students (Zetlin & Bilsky, 1980).
Furthermors, the strategy used to teach these skills (i.e., basic analysis of three
statement arguments) was highly rule-governed, thus it is an appropriate for an

elaborated correction procedure.




Method

Twenty-eight mildly hadicapped and remedial junior high school students
from a poo! of 34 students were selected and randoinly assigned to the Basic
Correction . Elaborated Correction group. Participating subjects had -t least a
fifth grade reading leve! (but also had a reading comprehension deficiency of
no more than three years) and passed a screening tast that measured their -
understanding of large and small classes. The Elatorated Correction group
used an i:naltered copy of the CAl program used in the study. 7The Basic
Cormection group used a madified version of the p.ogram.. If a student in this
group made an error, they were only given the corract answer. This was the
only ditference between the two conditions. In both conditions, students worked
individually on a microcomputer. Students worked on their respective version
of the program until they completed five lessons.

The CAl Program. The Reasoning Skills program (Engelmann, Carnine, &
Collins, 1983) was designed to teach students twd major objectives:' a) to draw
conclusions from two statements of evidence and b) to determine whether a
three-statement argument was logical or illogical. The program taught students
about overlapping classes and non-overiapping classes. They learned that
there are three possible key w.rds (some, all, no); the same rule holds for all
three. It also taught students relevant rules for constructing and analyzing
arguments. The other major objective of the program was to teach students to
identify unsound arguments. For logically unsound arguments, students were
taught to specify one of three reasons why an argument was unsound.

Measures. The Test of Formal Logic (Collins, 1984) was the primary
dependent measur in the study. The purpose of this test was to measuré a

student's ability to construct and analyze syllogistic argufnents. Two alternative




forms of the test were designed; Form A was used as the pretest and
maintenance measure (given two weeks after treatment terminated) and Form B
was used as the the posttest measure (given immediately after the treatment).
The internal consistency reliability (coefficient alpha) for Form A was .90 and .91
for Form B. Parallel form reliability between Forms A and B was .84.

There was also a 15 item transfer test that evaluated subjects' abilities to
generalize what they had learned on the computer to similar analytic tasks, but
in prose paragraph form. The transfer test was devoted to the more difficult
objective on the program - deciding whether arguments were sound, and, if not
sound, giving a reason. This test was given to subjects on the day after they
completed training on the CAl program.

Besults

A 2 x 3 analysis oi variance (ANOVA) with one between subjects factor
(Type of Correction) and one within subjects factor (Time of Test) was
performed on the data. This analysis involved a plannéd comparison that
looked at the post and maintenance tests only. Table 2 presents the descriptive
statistics for the pretest, posttest, and maintenance tests. The ANOVA indicated
a significant difference favoring the Flaborated Corrections group (g < .001*
There was also a significant difference between the two groups on the transfer
test, again favoring the Elaborated Correction group (g < .05).

[Insert Table 2 about here)
Data were collected on the time students took to complete each of the iive
lessons. The purpose of this analysis was to see whether students in the
Elaborated Corrections group took more time to complete the lessons. A2x5

analysis of variance (ANOVA) with repeated measures was performed on the

time-per-lesson data and non-significant difference between groups was found.
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This study was the first to explore experimentally the effectiveness of
elaborated corrective feedback in teaching a complex cognitive skill to
handicapped learners. The'results indicate this is an effective instructional
procedure.

The roughly equivalent time for the two groups to complete the five lessons
seems anomalous at first. With more text to read in elaborated corrections, that
treatment would seemingly take longer to complete the lessons. Completion
y-@s were not significantly greater for the elaborated corrections group,
however. The extra time required to read the elaborated corrections may have
been compensated for by faster acquisition of the material. In both versions of
the program, the computer would return a student to items that were missed
earlier in a lesson. If elaborated corrections resulted in fewer mistakes,
students would spend less time returning to missed items. This interpretation
suggests that taking more time early in a complex instructional sequence to
offer elaborated corrections may, in fact, lead to savings in instructional time
later in a program.

Both the basic and elaborated correction groups improved their reasoning
skills as measured by the dependent variable. Tha groups demonstrated a
mean score of 68 - 70% on the posttest (a dramatic gain from the mean scores
of 25 to 34 percent on the pretest). The systematic design of instruction -
particularly through a series of carefully controlled rules - may have contributed
to this gain. Reasoning skills were acquired without any instruction from the
teacher. Typically, CAl programs merely provide drill and practice exercises to
supplement teacher instruction. Here the program was a true tutorial and did all

the instructing.
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Math Word Problems: Exalicit Strateq

In our second study of tutorials, we examined the effectiveness of this kind
of CAl program in teaching math word problems. Unlike the basic analysis of a
three statement argument, solving word problems is a much more complex skill.
Students are required to make many discriminations and success depends, to a
large degree, on linguistic analysis (Jerman & Mirman, 1974). Although a large
number of studies have baen conducted in math problem solving, few have
yielded any adequate infarmation for building effective interventions because of
flaws in research design (Kilpatrick, 1978; Silbert, Carnine, & Stein, 1981), and
varying definitions of problem solving and the tasks to measure problem-solving
ability (Silver & Thompson, 1984). Furthermore, the success of future problem
solving research depends on '2ss on a continued analysis of the leamer and
his or her defciencies and more on 1) an analysis of the limits of instruction the
students are currently receiving and 2) development of strategies that will work
with low achieving students.

The specific purpose of the study was to determine whether handicapped
students could learn to solve muttiplication and division math story problems if
taught a strategy that focused on how to choose the correct operation (Gleason,
1985). It was hypothesized that students who received explicit instruction on
choosing the operation would solve more problems correctly than students who
received instruction that did not specifically focus on the choice of operation and
concentrated, instead, on a more general strategy of manipulating units. A
wider interest of this study, one directly related to our systematic research
agenda, was in whether or not a CAl tutorial alone would be effective in

teaching a complex cognitive skill.
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Method
A pretest-posttest design with random assignment of subjects to treatment

groups was used to examine the effectiveness of two procecures for teaching
mildly handicapped students to solve math word problems. Twenty-six junior
high school students from two different schools ware randomly assigned 0
either a "direct instruction” math story problems program or a highly regarded.
commercial program. Each student worked at a computer for 15 to 30 minutes a
day for 11 days.

The CAl Programs, The direct instruction program Analyzing Word
Problems (Carnine, Hall, & Hall, 1983) is based on principles of a theory of
instruction described by Engelmann and Carnine (1982). The approach
requires direct teaching of a clearly-specified, step-by-step strategy. When
instructing the students, the teacher models each step in the process, heavily
prompting the students as they continue to use the process. The prompts are
systematically faded until students reach indepéndenoe. When students make
errors, the teacher again models or provides a prompt based on a préviously
taught rule. This kind of strategy instruction is incorporated into the Analyzing
Word Problems program. The program teachas students how to solve
multiplication and division word problems in a step-by-step fashion. When
students err, they are given a rule-based correction (e.g., "Does the statement
contain the word Each or Every? If so, what kind of probiem is it?”).

The Semantic Calculator (Sunburst Communications, 1983) was used as
a contrast to the DI program. This program is Lased on the premise that the
major difficulty in solving word problems comes from inappropriate
manipulation of units (e.g., weeks, apples, dollars, etc.). If a student could be

taught to extract from the problem the quantities needed to solve the problem
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and the correct units for the answer, they would be able to solve the problem. In
this program, a student is guided through story problems by answering "How
many?" and "What?” questions about word problems that are written on
workshoets. Next, the student uses the letters A and B to type in the operation
that should be performed on the numbers (i.e.,"A/B" o divide and "A X B"to
multiply) and then predict the units in the answer. The computer shows the
student what units were used to express the answer to the problem. If the
student answer did not match that of the computer's, the student knew that he or
she should go back and try again.

Measures, Both the pretest and posttest were 28-item tests comprised of
11 muttiplication, 10 division, 2 addition, and 5 subtraction problems. All items
were selected from three major arithmetic ntermediate level textbooks and from
the California Achievement Test. Sixty-eight percent of the problems on the test
were like ones included in the instructional lessons; the remaining 32% were
transfer problems.
Besults
Results indicated no significant differences between performance of the Direct
instruction group and the Semantic Calculaicr group on the posttest and in the
amount of time used to take the posttest. Intarviews with students as they
performed problems (i.e., choosing the correct operation and telling a reason for
the choice) did yield a statistically significant difference between the groups
favoring the Direct Instruction group, but the mean performance levels for both
were not considered educationally significant. Table 3 shows the descriptive
statistics for the two groups on the pre- and posttests.

(Insert Table 3 about here]
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Discussion

There are many possible reasons for why there were no significant
differences between groups. Eleven days at 25 minutes a day may have heen
too short of an intervention. With a ionger treatment period, it would have been
more certain that an unacceptable ievel of performance was attribatabie to other
factors. Further, observations of student performance during the swdy indicated
that many students typically ignored prompts on tha screen that told them what
to do next. Hence, through a failure to attend the students may well have
missed opportunities to learn frorﬁ their errors.

It is also conceivable that mildly handicapped students may need more
teacher-directed instruction before using a computer fcr additional practice
opportunities. The presentation of the problem-solving strategy on the
computer lacked the subtlety and flexibility that a teacher adds to instruction.
Good teachers gather a considerable amount of information about how students
are learning a new skill - particularly one as ditficult as problem solving - ar ~
modify their teaching accordingly. Observations of taacher directed instruction
that uses the same strategy that is presented in the Analyzing Word Problems '
program support this hypothesis (Gleason, 1985). Therefore, the most
appropriate use of a computer for students such as these may be for guided
practice (i.e., as a medium for reviewing material that is already familiar to the
students).

Simulations
e : Solvi

Secondary students spend a considerable amount of their time completing

seatwork activities (Doyle, 1983). These academic tasks often invoive higher

order cognitive skills, and students are asked to make a variety of inferences
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about a subject area by prudently using facts, concepts, and strategies or
sroblem solving skills. Some writers (Doob, 1972; Greenblat & Duke, 1975;
Budoff, Thormann, & Gras, 1984) have suggested that one way to enhance the
higher order skills of students is through educational simulations.

While much of the research has concluded that obmputer and non-
computer simulations are no more effective than conventional instruction, many
of these studies have been plagued by fundamental weaknesses in research
design (Fletcher, 1971; Pierly, 1977). In the study below, we addrassed many
of these problems and created an instrument that reflected the problem solving
skills actually taught in the computer simulation. Finally, we have addressed a
curious feature of previous simulation research: the general reluctance to
combine simulation instruction with conventional instruction.

Only on a few occasions have simulations and convertional instruction
been compared to conventional instruction alone. Nor is it clear in most of
these studies what constitutes conventional instruction. O, of our interests in
studying simulations was to investigaie how effective instruciional cractices
could be used to enhance - rather than replace - secordary level instruction, not
only in terms of their effect on basic fact and concept retention, but as they relate
to higher order skills (Woodward, Camine, & Gersten, 1986).

Method

Thirty mildly handicapped high school studen:s from a pool of 38 potential
students were randomly assigned to either the conventional or simulation
condition. Students were selected for the study on the basis of Metropolitan
Achievement Test (MAT) reading comprehension scores. Only those who had,
at a minimum, a sixth grade reading level or were at least two years below

grade level in comprehension were selected for the study.
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All students were instructed for 40 minutes per day for twelve days. The
lesson consisted of two parts. The first part, calied structured *~aching, was
identical for subjects in both student conditions. instruction was conducted in a
large group of 12 to 15 students for this part of each lesson.

At the end of the initial instruction, students separated into two groups -
one which worked on application activities (the conventional group) and the .
other with the computer simulation (the simulation group). The conventionai
group worked in the resource room under the supervision of the resource room
teacher, who presentad these students with a variexy of application or review
activities.

Simuiation students, on the other hand, were taught in a computer lab,
each student working individually at a microcomputer. The twelve day course of
instruction for these students was broken into three phases: initial modeling
(three days), guided practice on three simulation games (two days), and
independent practice with individua! feedback from the instructor (seven days).

The CAl Program, Health Ways is a commercial software program
developed by Camine, Lang, and Wong for the Apple Il and IBM PCir
computers. The simulation provides extensive practice on analyzing health
profiles. An initial screen showing profile characteristics can be seen in Figure
2. The Mm_wmjungmmgmaﬂurﬁmm an accompanving written
curriculum developed by Woodward and Gumey, extended information
presented in Health Ways and the original Health Ways teachers guide.
Material was taken directly from two widely used junior high school health
textbooks. All of the information was rewritten to enntrol for vocabulary and
amount of new information. Clippings from newspapers, news magazines,
journal articles, and heatth pamphlets were aiso used-in this supplementary
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curriculum. The reading *svel of the curriculum is approximately sixth grade.
(Insert Figure 2 about here]

Measures, Students were assessed one day, two days, and two weeks
tollowing the instiuction. On the first day, student's acqt isition of basic fac.s and
concepts about health taught in the curriculum was measured by the Health
Ways Nutrition and Disease Test. The first 20 questions of this test were solely
from the written curriculum. The remaining 10 '~ere questions over material that
appears in both the written curriculum and the Heatth Ways simulation. This
latter section will be referred 1o as the (ainforced section of the test because
information pertaining to the items was reviewed sn the computer simulation.
Internal consistency reliabiiity (soefﬁeient alpha) of this measure is .84. Onthe
second day, the students were given the Health Ways Diagnosis Test, an
individually administered test measuring prioritizing skills. This test was a set of
three written profiles and measured health related problem solving skills (i.e.,
the student's ability to detect important health problems facing.an individual,
identify and change related health habits, and control stress as it increased cus
to the health changes). The Health Ways Diagnosis Test has a test - retest
reliability of .81. Two weeks after the instruction the students were again given
the Health Ways Nutritior. und Disease Test. This served as a retention
measure.

Besylts

Wmmndﬂﬁﬂasﬂﬂﬁi This t3st was usad in both the
posttest and maintenance (retention) phases, a 2 x 2 analysis of variance
(ANOVA) was used. The 3C items in the test were broken into two subscales: a)
items reinforced by the Health Ways simulation and b) items taught i.i the
curriculum and not reinforced by the simulation. Separate 2 x 2 ANOVAs with

A
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repeated measurés were performed on each subscale. The effect on items

reviewed or reinforced by Health Ways was significant (R < .01) and
6). Table 4 presents the

This indicates that the
that had already been

nonsignificant for those items not reinforced (R < 0

statistics for reinforced section of the test.

as an effective vehicle for reviewing material

descriptive
simulation w

taught in the written curriculum.
[Insert Table 4 about here} _

Hgannmmanmsiﬁlﬂﬁk {-tests performed on this test

significant ditference between the two groups (P < .001) in proble
were better able to diagnose health problems,

ects on an individual's longevity, and prescribe

gh most simulation students did not receive

8., they followed the strategy presented in the
almost always above the criteria set by the

demonstrate a

m solving

skills. Simulation students
prioritize them as to their eff
appropriate remedies. Althou
perfect scores on this measure (i
treatment exactly), performance was

experimenters for appropriate diaanosis and the suggested sequence of

remedies.
Di .

The results of this study support the use of comp
erial not easily taught by traditional means. Fu

uter simulations in

rther, a structured

teaching mat

approach in simulations, one where outcomes are specified and controlled,

juce significant educational results.

s that the explicit strategy instruction used t
"less”

does pi¢
Wae infer from the resu

o teach

the simulation students about Health Ways was a successful bridge to
ot clear that computer simulations, by
g higher order skills. For this reason, oné

necessary; at least to the point that it

direct instruction activities. Htisn
themselves, are adequate in teachin

might speculate that added instruction is
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focuses the student on the instructional goals of the simulation.
Cunclusion

The results of these four studies indicate that properly designed CAl can
bs effective as an instructional medium. These findings are consistent with our
non-computer research that we have conducted over the last ten years.
Sophisticated design principles can make a considerable difference in the -
effectiveness of any instructional program. Another outcome implicit in these
studies is that they begin to identify - with much greater clarity - the role of the
teacher and his/her instruction away from the computer. This perspective
deviates from original questions about computer assisted instruction (eg..Is
CAIl more effective or efficient than conventional instruction?). 1t forces us to
look closely at the intersection of the te==her, the academic task, and the stage
of *nstruction (e.g., Is the skill just being introduced, practiced, or reviewed?).

The Vocabulary Instruction study, for example, demonstrates that a skill
requiring considerable practice can be adequately taught on a computer. Such
a task is time consuming for a teacher and can be handled effectively by CAl
Furthermore, there is very little variation as instruction moves from one stage of
instruction to the next (i.e., from introduction and modeling to guided practice to
independent practice). Note, however, that the task, as it was defined in the
study, was one of memorizing vocabulary words. We did not teach nor assume
that students would necessarily leam how to use the words expressively or
detect their meaning from context. This would have required a different
analysis.

The Reasoning Skills program, a teacher indenendent tutorial, was
successful at teaching a more complicated academic task: logical inferences. It

might be argued that the particular academic skills taught in this program were
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more discrete than, say, math word problems or the subtle problem solving
skills addressed in the Health Ways study. If this observation is correct, then
computer assisted instruction - carefully developed with instructional design
principles and field tested - can be an effective, "stand alone” form of instruction.
As with the vocabulary program, such instruction is efficient insofar as it allows
the teacher to attend to other instructional activitie. while students werk on the
computer.

Math word problems, on the other hand, do no share the same task
complexity as the syllogisms. In this study, we speculate the best way to teach
skills such as math word problems, notoriously difficult for miidly handicapped
students, may be through teacher directed instruction first, with the computer
used for quided practice. This conclusion is admittedly tentative, and we will
conduct another study after we revise our strategy.

Finally, the Health Ways study strongly suggests that facts and concepts,
which were preskills to the problem solving activities, can be efficiently taught in
group instruction without computers. The computer can be an effective too!
after the preskills have been introduced and explicit strategies for using the
simulation have been taught by the teacher. In this sense, a complex task like
problem solving can be effectively taught in the guided and independent
practice phases of instruction.

As a program of research, these studies dr monstrate that empirically-
based instructional design principles are applicable across different types of
CAl programs. Although the resear:zh focuses on these principles, we can
extract some recommendations about teacher practices. With effective softwars,
the teacher can use CAl programs for the purpose of efficiency (i.e., letting the

computer teach low level or time consuming tasks) or-to present material that




would be dificult to do through traditional media. The latter was certainly the
case with the Health Ways simulation. Looking beyond the specific outcomes of
this research, an optimal use of computer assisted instruction requires more
than a sst of design principles. It entalls a careful consideration of the academic

task, the stage of instruction, and the role of the teacher.
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Table 1

Mean Score, Standard Deviation, and Mean Percent Correct on 50-item Pretest,
Posttest, and Maintenance Test for Small Teaching Set and | arge Teaching Set
Samples: Tima-to-Mastery Design

Pretest Posttest Maintenance Test

Mean Mean Mean

Percent Percent Percent

Group N M SD Comect M SD Lorred M SD Correct
Small

Teaching Set 12 247 81 494 420 40 84.0 405 7.1 8.0
Large

Teashing Set 132 249 78 498 43.7 77 87.4 42.0 87 84.0

a0ne subject completed only seven sassions. This subject's posttest :cores appear
only in the fixed-time design.
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Table 2

Mean Score, Standard Deviation, and Mean Percent Corre

Logic: Pretest, Posttest, and Maintenan

Pretest

Mean
Percent

froup N M SD Comed

Elaborated

Corrections 17 10.8 4.3 30.7

Basic

Corrections 17 32.9

11.5 4.2

ce Test for the Elaborate
Groups

Posttest

Mean
Percent

M SD Corect

246 50 704

215 66 61.1

ct on Test of Formal

d and Basic Correction

Maintenance Test

Mean
Percent

M SD Cormect

251 37 716

206 7.5 59.0
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Table 3

Mean Score, Standard Deviation, and Mean Percent Correct on the 28-item Story
Problem Test: Pretest and Posttest for the Analyzing Word Problems and Semantic
Calculator Groups

e
ol

Pretest Posttest

Lo el
SRRy CAV g
OIS Sl VORI

Mean | Mean
Percent Percent

Group N M SD Comed M SD Comed

Analyzing
Word Problems 13 135 87 48.0 14.8 55 53.0
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Semantic
Calculator 13 139 35 50¢C 11.6 6.3 41.0
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Table 4

san Score, Standard Deviation, and Mean Percert Correct on the Reinforced Section of ..
the Health Ways Nutrition and Disease Test: Posttest and Maintenance Tost forthe
Conventional-and Simulation Groups

il by S AN il

Mean ' Mean T,
Psrcent Percent -
Group N M SD Carrect M SD Qnm

15 73 14 733 6.5 2.0 65.3
2.2 50.0

Simulation
Conventional 15 56 22 56.0 5.0
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Vocabulary Instruction
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Reasoning Skiils

Health Problem Solving

Figure 1
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Effects of Instructional Design Variables on
Vocabulary Acquisition of LD Stude s:
A Study of Computer-Assisted Instruction

Gary Johnson, Russell Gersten, and Douglas Carnine

.alargesetof 25 words at atimeand no

teaching and practice exercises on

m"mafmwmmmm

on words the sudents learned in the program. The other progrom provided exercises on

assisred vocabulary instruction for a maximum of eleven 20-minute sessions. The
majorﬁndingwtha:igniﬁcandymm%o were taught with the small
teaching set program reached mastery within 11 sessions than students in the com-

Yamempwndmmmdmm

demonstrated on mmnq’crmmanomlw;f\mdmmimadam

comprehension test

ased on the premise that word instructional time without increasing
knowledge correlates highly with  the demands on teachers’ already lim-
reading comprehension (Anderson & ited time. One potential vehicle for
Freebody, 1981; Mezynski, 1983; Pear delivering this instruction is compu-
son & Gallagher, 1983; Stahl, 1983; ter-assisted vocabulary iastruction.
Tierney & Cuzaingham, 1984), sever-
al investigators have attempter to im- INSTRUCTIONAL DESIGN
prove students’ reading comprehen- FOR COMPUTER-
sion skills by teaching vocabulary. In ASSISTED INSTRUCTION
only a few of these studies were sub-
jects identified as either low perform- Features of computer-assisted in-

ing or learning disabled.

While all studies produced evi-
dence of improved vocabulary knowi-
edge, the effects on reading com-
prehension have been varied and
inconclusive. However, the methods
which were most successful in teach-
ing new vocabulary consumed the
most instructional time, and even
then the gains, in terms of numbers of
words learned, were modest. An area
in nee s research is the identifica-
tion of 3e.iods for increasing the
direct instruction of vocabulary for
low performing students. An impor-
1ant concern, particularly with mildly
handicapped students. is increasing

206

struction (CAI) which ase seen as ad-
vanugeous for instruction with spe-
cial education students include
individualization and self-pacing. im-
mediate feedback about performance,
consistent correction procedures, pa-
tient repetition, carefully sequenced
instruction, frequent student respond-
ing, and motivation (BudofT, Thor-
mann, & Gras, 1984). Yet, much cur-
rently existing software fails to provide
these features in programs for special
education students (Thormann, Ger-
sten. Moore, & Morvant. in press). Twe
instructional design considerations
that were explored in this study were
(a) optimal set si.. for introducing

33

newwords and (b) scheduies of rer
Relevant research on each variat
discussed below.

“Set Sizo” for Daily Lessor: :

Driil and practice programs at
most widely used CAl software
doff et al.. 1984), butlinleanentio
been directed to increasing th
ficiency and efficacy of CAl dril = -
prac-ze strategies (Mermill & &~ 5
bury, 1984: Siegel & Misselt. 1984 - - 3
area of needed ‘research is the ¢
mination of the appropriste size« ~
mmin;stforleuonsin_adﬁl; -
practice program. Concerns for )
riculum designers are howmany:
can reasonably be presenied d'
each lessonand howthe setsizea -3

_the learner's ability to master

remember material. This study ~°74
dresses that issue by evaluatin . -3
software programs with 3 ver e
ferent approach towards introdu

set size.
The early behavioral studies (L. -]
& Hulse. 1967; Furukawa, 1970: - %2
1971; McGeoch & Irion. 1952)on
gnmmed instruction lend supp
Miller's (1556) “magical nusbe
seven as the optimal set size (ie
average number of uarelated c : "
letters, or words that an adult 7
recall sfier one exposure). Bex : *,
most of the research in this are:. . 7
been conducted with college level  ~
jects (cf. Deese & Hulse, 1967,
1971; McGeoch &Irion, 1952),28  ::
results of studies with school-age
dren were equivocal, further rese -
with school-age childreriwit. leay
disabilities is needed. One purpc
the present study was tu compar
effects of different set sizes on th
quisition of word meanings by rr .
handicapped students. _ X

Review Schedule

7%

The element of review was a1
portant variable in the Beck. Pe: -
and McKeown (1982) snidy of w
viary acquisition. Words werepre -
ed in two different levels of frequ: -
In one treatmeri, each set of v
was taught in a S-day cycle. Al ‘
words in the set were introduce
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the first day of the cycie and reviewed
when necessary, but only during that
S-day cycle. There was no subsequent
review. In a second treatmen. words
were introduced in the same manner,
but additional practice was provided
after the fifth day in special review
cyclzs. Words in this treatment ap-
peared 16 to 22 additional times each.

The effects of the extra reviews were
clear. Students remembered more of
the words which received special re-
views, and on a ‘exical decision test,
students were able to access the defini-
tion of these words more quickly. A
replication of the original study by
McKeown, Beck, Omanson. and Per-
fetti (1983) again demonstrated that
extra review enhanced students’ abil-
ity tn answer multple choice ques-
tons about story passages. In the repli-
cation, the extra reviews positively
affected both students’ rerention of
word meanings and their comprehen-
sion of passages coniaining instructed
words.

Research in computer-assisted in-
struction has demonstrated that sev-
eral short-spaced reviews are more ef-
fective inincreasing retention than are
a few massed reviews (Gay. 1983:
Siegel & Misselt, 1984).

Meriill and Salisbury (1984; pro-
pose a strategy that would provide
spaced reviews during 2 CAl drill and
practice program. New items are pre-
sented 1o students, and only items they
do not know become part of a “work-
ing pool.” The number of iters in the
working pool would be determined
empirically (which is one purpose of
the present study). Once the student
meets a specified criterion on an iv=
in the working pool, that item is re-
moved and placed in a “review pool.”
Each item in the review pod’ is re-
viewed on specified dates for a speci-
fied number of times.

Description of the Software
Programs Used in the Study

Two programs were used in the
study. The comparison program.
called the Large Teaching Set, was a
commercial program that used larger
teaching sets 3nd did not provide

O mulative review. The experimental
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program. the Small Teaching Set. was
intended to exemplify the two prin-
ciples of instructicnal design dis-
cussed above—optimal set size and
cumulative review.

The distinctive instructional design
featuresof the Small Teaching Setpro-
gram include (a) individualized les-
sons which provide teachingand prac-
tice onlyon words the student does not
know. (b) a practice set which consists
of no more than seven words at any
time. (c) a specified mastery criterion
which must be met two consecutive
lessons before a word is considered
leamed. and (d) cumulative reviews on
learned words to ensure retention.

The nview procedures of the two
programs are different. The Small
Teaching Set program provides daily
review on words in the student’s prac-
tice setand periodic sumulative review
of words whicl the student has
learned in the program. Once the sty-
dent has mastered 10 words, the pro-
gram presents a cumulative review
lesson on those words. In contrast, the
Large Teaching Set keeps no cumula-
tive record of student errors, $0 no
cumulative review is provided.

TheLarge Teaching Setwas adapted
from a commercial program devel-
oped by Davidson and Eckert (1983).
Words are taught in sets of 25. The stu-
dent may choose to see the words in
any of four types of formats: (3) 3
teaching display’ which shows the
word, its definition, and one example
sentence; (b) a multiple choice quiz
format; (c) an exercise in which a
definition is displayed and te student
must spell in the correct missing word
to compiete a sentence; and (d) an
arcade-type gamein which the student
matches words to their definitions.

In summary, then, the purpose of
this study was t0 compare two meth-
ods of computer-assisted instruction
for teaching vocabulary to mildly
handicapped adolescents. The study
examined the effect of various cycles
of practice and review on the acquisi-
tion and maintenance of word mean-
ings. Two CAl vocabulary programs
were used to present the same 50 words
and definitions. 1 .2 size of the daily
teaching sets and previsions for daily
and cumulative review varied berween
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the two programs. Acquisition was
assessed by multiple choice measures.
In addition. students were asked to
define 10 of the words and answer
written comprehension questions on
passages conmaining 10 of the most fre-
quently missed words. A maintenance
test was administered 2 weeks after in-
struction ended.

METHOD
Subjects and Setting

Thirty-cight high school students
with learning disabilitiss in grades 9
through 12 were considered eligible
for the study. Each of these studcnts
scored at least 3 years Lelow grade
level on the Reading subtest of the
Woodcock-Johnson (Woodcock &
Johnson, 1977). Because the Wood-
cock-Johnson had been administered
at different times to different students
by the district, the experimenters
administered the Advanced 1 Level
Reading subtest of the Metropolitan
Achievement Test (Prescott. Balow,
Hogen, & Farr, 1978) t0 all students.
The test was administered to the entire
group 3 weeks after the conclusion of
the study.

The mean performance of the entire
sample corresponded to the eighth
percentile. Scores ranged from the Ist
to 22nd percentile. In contrast. the
mean score for the district was at ap-
proximately the 72nd percentile. Thus,
all swudents performed significantly
below their peers on standardized
measures of reading achievement.

All students were administered 3
maitiple choice, 50-it>m vocabulary
pretest. They were Jien matched by
pretes: scores and randomly assigned
10 one of the two treatments. the Small
Teaching et progrem cz the Large
Teaching Set program. Six students
who scored over 80% correct on the
pretest were excluded from the study.
Two students decided not to par-
ticipate. During the study, four stu-
dents werc dropped due to frequent
absences, aud one student was
dropped waen his performance ine
dicated that his pretest score was inac-
curate. Thus. a total of 25 subjects ac-
tually participated in the study.
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The study was conducted in a large,
special education resource classroom
ina high school in the northwest. IBM
computers and color monitors were set
up in the back of the classroom. away
from other instructional groups.

Matenials

The Small Teaching Set program
(Carnine. Rankin. & Granzin, 1984)
constructs individualized CAI vocab-
ulary lessons by first testing a student
on new words and then composing
teaching and practice sets of only
those words which the student does
not know. An example of a teaching
frame appears in Table 1.

The exercises in the practice setcon-
sist of three types of multiple choice
items: the new word appearing alone
with the correct definit - as one of
five choices, the word appearing in a
sentence with the correct definition as
one of five choices, and a synonym (or
short definition) for the word appear-
ing in a sentence with the word as one
of five choices. Examples of practice
exercises appear in Table 2. For the
practice exercises, the program picks
from a pool of four items and ran-
domly selects items to present The
student must get two items per word
correct before the lesson ends. unless
time runs out and the student selects
the “escape” option to terminate the
lesson.

1~ order to reach mastery criterion
on a word and have it removed from
the practice set, the student mustiden-
tifv the word’s meaning two consecu-
tive times on :wo consecutive lessoas.
or. in other words, four times iz 2 row
across two lessons. The word then
becomes a “learned” word and moves
from the practice set to the “review
set” Once 10 words have been
“learned” and moved to the review set,
the program provides a cumulative
review test on the review set Any
words missed on this cumulative
review test are put back in the practice
set, and the student must again meet
mastery criterion on ** ~ word.

The Large Teacimn,, Set program
(Davidson & Eckert, !983) teaches
words in sets of 25. The program
comes with nine levels of 75 words

208

each for grades 4 through 12. However,
for the purposes of this study, the same
50 words used in the Small Teaching
Set program appeared in the Large
Teaching Set program as two sets of 25
words (see “Word Seiection” below).

Each time the program is run. the
student goes through the same 2§
words in the same order. Unlike the
small set programs, some of the words
are words the student already knows,
since there is no individualization. At
the beginning of the lesson, the pro-
gram presents a menu with a choice of
four formats: “word display,” “multi-
ple choice quiz.” “sentence comp.z-
tion.” or an arcade-type game.

These activities include two word
display and multiple choice quizzes
similar to the Small Teaching Set pro-
gram. and two that are quite different
Sentence completion involves spelling
the new words, and the arcade activity
involves matching exercises in a game
format (For details, see Johnson, 1985,
pp. 29-34, 44-51.)

Feedback to Students. Both CAl pro-
grams provided comparable immedi-
ate feedback to subjects on the ac-
curacy of their responses. In the Large
Teaching Set program, when the sub-
ject answered an item correctly,
a message sucl. as “Nice going™ or
“Keep it up, (zame),” appeared. When
the subject answered an item correctly
in the Small Teaching Set program,
the message, “Yes, the answer is
e appeared.

The arcade-type game provided a
type of reinforcement not available in
the Small Teaching Ser program.
When the subject accurately “shot” the
correct answer, the answer was mo-
mentarily highlighted, and a score for
that shot appeared briefly in the mid-
dle of the screen. Accompanying
sound effects were turned off in order
not to distract other students and
teachers in the room.

Both programs also provided feed-
back on the number of words correct.
The Large Teaching Set program did
this by giving the subject a percentage
correct score at the end of an activity
and then displaying any words
missed. The Small Teaching Set pro-
gram listed words on which the subject
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had yet to meet mastery (“currer
reviewing”) and words mastered {°
ready learned”). :

Selection of Words for the Stu
The Large Teaching Set program p
vides words. definitions. and exerci
for 25 nouns, 25 verbs, and 25 adj-
tives for each levet. Prior to the study
list of these 450 words was given 10
middle school and high school edu. .
tion teachers in the district in whi
the study was to be conducted. Th
teachers picked words from this !
which they considered important a
useful for mildly handicapped st
ondary special education students
know. An initial list was constructed
107 words which were considered it
portant by two or more special educ
tion teachers. A final list of 25 ver
and 25 adjectives was developed 1
use in the study. All of these wor
were from the words commonly co
ered in grades. 7, 8,and 9.

Tabie 1
A Tesching Frame from the Smail
Teaching Set Program

The wore SSTABLISH means SET UP.

Susie will ESTABLISH 3 new procedure fic
our Mmeeungs.

Susie will SET UP a new procedure for our
meenngs.

The banx1s gory to SET UP 2 new branchor -
the other siae of town.
The bank 1. gong 1o ESTABLISH & new -
branch on he other side of town.

Table 2
Two Practice Forms from the
Small Teaching Set Program

They are working to ESTABLISH an
organizahon to protect whaies.

. make legal

eiect

fung

se: uc

. join

e

The doctors are going to SET UP a new eye
care clinic

. employ

. atend

. operate

. cancei

. estabiish

tn s N -

Journal of Learming Disabilins,




The same SO words, 25 adjectives,
and 25 verbs were entered and used in
both the Small Teaching Setand Large
Teaching Set programs. The same def-
iniions were used in both the Small
Teaching Set and Large Teaching Set
programs. For the purposes of the
study, exercises written for use in the
Small Teaching Set program were the
same or very similar to items which
appeared in the Large Teaching Set
program. The differences between the
effects of the programs, if any, were in-
tended 1o be a function of instruc-
tional design features.

Procedures

Following pretesting (see “Mea-
sures.” below), all subjects received
computer-assisted vocabuiary instruc-
tion during a 20-minute session cach
Monday through Thursday. Since the
45-minuie periods were divided into
two scparate sessions, some subjects
began the period with a computer ses-
sion and then returned to their regular
instructional group, whiie other sub-
jects first attended their instructional
group and then completed a session
ou the computer.

The experimenter for the study was
a doctoral studentin special education
at the University ¢f Oregon. The ex-
perimenter was present for each ses-
sion to ensure that the sessions lasted
exactly 20 minutes, that subjects ac-
tively worked on the computer with
minimal talking, that they completed
as many lesson activities as possible
during the 20 minutes, and that they
wok the optional reviews of missed
words at the end of the “muldple
choice quiz” exercises in the Large
Teaching Set program. The experi-
menter also completed checklists on
each subject’s daily progress.

Familiarizstion with the Computer
and Word Reading Practice. During
the first 5 minutes of sessions 1 and 2,
the experimenter taught the subjects
how to load the program disks and
start up their programs. Most subjects
had little, if any, experience operating
a computer. During the next 5 minutes
of the first two sessions the rxperi-
O ienter provided word reading prac-

Aruitoxt provided by Eic
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tice on words that were to appear in
the program. The words were printed
in short columns cn two practice
sheets, and subjects took turns reading
columns out loud. If a subject misread
a word, the experimenter told the sub-
ject the word and directed the subject
1o read the word and reread the
column from the beginning.

Eight subjects, four in each treat-
ment, displayed difficulty in ac-
curately decoding and pronouncing
words during word reading practice.
Two additional word practice sessions
were provided 1o these students.

Length of Sessions. The time sched-
uled for each daily computer session
was exactly 20 minutes. The number of
lessons that the subjects completed
varied from 0 1¢ to two lessons. If the
subject was in the middle of a lesson
when the 20-minute session was about
to end, the experimenter directed the
subject to use the “escape” option 0
terminate the lesson on time. If the “es-
cape” cption was selected, no credit
toward mastery was counted! for words
practiced during the aborte] lesson.

Mastery Criterion for Large Teaching
Set. The experimenter told the sub-
jects in the Large Teaching Set pro-
gram that their goal was to get a score
of 84% correct (21 correct out of 25).
They were told that .f they scored 84%
or higher, they could play thz arcade-
type game, and if they scored 84% or
higher on two consecutive days, they
would move on to 2 new activity.

On each day that the subject scored
84% correct or more, the subject com-
pleted the reviews and then spent the
remainder of the session playing the
arcade game, u-ually po more than
twice in the time remaining. After
meeting the criterion of 2 days at 84%
correct or more on the multiple choice
quiz, the subject was told to select the
senterice completion activity; this was
done only once, without review.

After meeting criterion on the multi-
plechoice quizand doing the sentence
completion activity one time, the sub-
ject began the second list of 25 words,
the same 25 verbs which were words 26
through 50 in the Small Teaching <=t
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program. The subject followed the
same sequence of activities for this
second list of words. Once the subject
completed all activities on both word
sets, the subject was considered to
have met mastery criterion for the
study.

Mecssures

Pretest, Posttest, and Maintenance
Test. A S0-item, mulriple choice test
requiring the student to select the cor-
rect definition of a word was devel-
oped for use in this study. Items were
similar to what appeared in the prac-
tice frames (see Table 2). This instru-
ment had a coefficient alpha reliabil-
ity of 0.79. The pretest to posttest
correlation was .68.

Additional Measures. All subjects
took a 10-item, open-ended oral test
(“What does mean?"). The test
was designed to measure the student’s
ability to recall the definition of the
words taught The training only in-
volved recognition, a much easier re<
sponse mode. The tester wrote down as
much of the subject’s responses as
possible and also audiotaped the test
For each word the subject was asked to
give a definition and to use the word in
a sentence. After a subject met mastery
criterion (or after session 11 for those
subjects who did not meet mastery), a
test consisting of three passages ar |
accompanying inferential compre-
hension questions was administered.
These passages contained a total of 10
verbs which were most frequenty
missed on the patest The passages
were designed to asscss subjects’ un-
derstanding of the wo-ds in contexts
other than the sample seatences v.hich
appeared in the progrems.

An example from the comprehen-
sion test appears in Table 3.

. Attitude Survey. The attitude survey
questioned students about working on
the computer and the specific CAI
programs. The items asked the stu-
dents how they felt about working on
the computer and how much they fel
they learned.
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Tabie 3
Sampie item from Comprehension Tost

Denise enjoyed her back yard. In the fall,
the yard was covered with ieaves. Denise
haa procrasunaed. Saturday wes cool and
crisp. Denise gecided 10 rake the leaves. At
first, her hand teit coid and siitf on the rake
handie. Soon. she accimaied. She enjoyed
the clear. sunny skies &nd the rustie of the
leaves.
1. Denise raked the leaves in her yard
a. betore she was supposed to.
b. just when she was supposed to.
c. after she was supposed to.
2. When Denise firushed raking,
a. her hands were still suff.
b. her hands teit fine.
¢. her hands were hot.
3. Denise enjoyed the Clear. Sunny Skies
and
a. the sound ot the leaves.
D. the fall colors.
¢. the small of the leaves.

RESULTS
Time to Mastery

A time-to-mastery design was used
to examine whether there was a sig-
nificant difference between the times
required to reach mastery by subjects
inthe two programs. Taple 4 presents a
summary of the number and percent-
ages of subjects who met mastery with-
in 11 sessions and the mean number of
sessions to mastery for subjects in both
treatments. The study was terminated
after the 11th session because the ex-
perimenter felt that the subjects who
were still struggling to reach mastery
were no lenger benetiting from in-
strucdon. Fer the students who met
criteria, the mean number of sessions
to mastery was 7.6 for subjects in the
Small Teaching Set program and 9.1
for subjects in the Large Teaching Set
program. Results of a r-test indicate
that this difference in sessions to mas-
tery is statistically significant, #(16) =
187, p < .05.

Posttest and Maintenance Test

The 50-item, criterion-referenced,
multiple choice test was administered
toeach subject as a posttest after meet-
ing mastery. Those subjects who did
not meet mastery by theend of the 11th
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session were administered the multi-
ple choice test after session 11. The
same test was re-administered (with
the order of items changed in a ran-
dom fashion) as a maintenance test 2
weeks later. A summary of pretest.
posttest, and maintenance test resulis
is presented in Table 5.

A 2 X 2 analysis of variance was
performed on the posttest and main-
tenance test scores (see Note 1). The
between-subjects factor was type of in-
struction, and the within-subjects fac-
tor was time of testing. Results of the
ANOVA indicated that there was no
effect for type of instruction, Fsn =
0.33. Results of the ANOVA demon-
strated that there was a slight drop in
performance between postiest and
maintenance test for subjects in both
groups. F,o, = 494.p < 05. Mean per-
formance was close to mastery level
forboth groups on both measures, 34%
to 87% on the posttest and 81% o 84%
on the maintenance test. Subjects in
both programs learned as much, as
measured by the cniterion-referenced
posttest, and retained as much, as
measured by the maintenance test

Additional Measures

Each subject was adminittered 2n
open-ended oral test on word mcan-
ings after session seven. A maximum
of 2 points was awarded to each item,

1 for a correct definition and | for a
appropriate sentence. Partial credit
point) was given to responses whi.
were correct butincomplete. Results -
a t-test on subjects’ scores on th
measure indicated that differences b.
tween groups were nonsignifican
7(22) = 45. The mean was 6.4 for th
Small Teaching Set group and 7.2 fc
the Large Teaching Set group: star
dard deviations were 4.7 and 44,
spectively. On the written compreher
sion test. means were 5.1 (SD = 1.4) fc
the SmaliSetand 4.7 (SD = 2.1)for th
Large Set. This difference was nc
significant,

Attitude Survey

Results of the attirude survey ir
dicated that, for the most part, subjec’
responded favorably toward com
puter-assisted instruction and the prc
grams. Twenty-three of twenty-fou
subjects felt the computer helped the:
learn new words, and one subject it
dicated that “maybe” the compute
helped.

In answer to the question “Did yo
enjoy working on the computer?” sut
jects answered on a 4-point scale, witi
1 being “not very much” and 4 t.in
“very much.” The mean scores were 3.
for subjects in the Small Teaching Se
program and 2.8 for subjects in th
Large Teaching Set program. Result

Tabie 4
Percentage of Subjects Reaching Mastery Within 11 Sessions and Mean Number of
Sessions (0 Mastery for Both Experimental Groups

Number of  Percentage
Subjects  of Subjects Mean Number

Reaching Resching .- Sessions  Standard
Group N Mastery Mastery 1o Mastery  Deviation
Small Teaching Set 12 10 83 7.6 1.9
Large Teaching Set 12 8 67 9.1 1.5

Table §
Mean Score, Standard Deviation, and Mean Percentage Correct on 50-item Pretest,
Posttest, and Maintenance Tests

Pretest

Group N M eDp Mean %

M SD Mean%

Posttest Maintenance Test

M SD Mean%

ISmall Set 12 247 8.1 49.4
Large'Syt 12 24.75 7.8 49.5

420 4.0 84.0 405 7.1 81.0
437 1.7 878

420 8.7 840

N

v

N
Lo
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of a Mann-Whitney U Test indicate
that this difference was significant. U
= 43.5, p < 0. Nineteen subjects in-
dicated they would like to learn more
on a computer, and three subjects in-
dicated that “maybe” they would. Two
subjects, both in the Large Teaching
Set program, indicated they would not
like to learn more on a computer.

Comparison with
Nonhandicapped Subjects

One purpose of this study was to see
if, with special instruction, students
with leamning disabilities could per-
form at the same level as students
without learning difficulties. Thus, the
50-item multiple choice test was ad-
ministered to nonhandicapped 10th-
grade students in a randomly selected
English class in order to provide a
comparison standard. As Table 6 dem-
onstrates, the mean posttest scores of
the mildly handicapped subjects were
at a similar level to the nonhandi-
capped students’ mean scores. The LD
students’ scores were 84% and 87.4%,
the nonhandicapped students’ mean
was 80.6%. Despite a significant dif-
ference in reading ability, as mea-
sured by the Metropolitz.n Achieve-
ment Test (Prescottetal., 1978) and the
Woodcock-Johnson (Woodcock &
Johnson, 1977), these LD students
were able to learn word meanings so
that, in this instance, they could per-
form on a level similar to that of their
nonhandicapped peers. The difler-
ence in performance bztween the LD
groups and the nonhandicapped
group was not significant This result
indicates thar, with intelligeat use of
CAI, the LD ctudents performed at 3
level similar to thatof their nonhandi-
capped peers.

DISCUSSION

The results of this comparison of
two methods of compnter-assisted vo-
cabulary instruction with mildly
handicapped high school students
will be discussed in terms of (a) time
required to reach mastery criterion. (b)
growth in word knowledge, (c) transfer

,f learning, and (d) srudent attitudes

El{‘lcward computer-assisted instruction.

FullToxt Provided by ERIC.

Volume 20. Number 4 Apnl 1987

Table ¢
Companson of Mildly Handicapped with Nonhandicapped Sampies:
Multiple Cheios Test
Mean
Percentage
Group Tost N M §0 Correct
Small Teaching Set Posttest 12 «20 4.0 84.0
Large Tesching Set Posttest 12 43.7 7.7 87.4
Nonhangicapped Companson - -] 40.3 49 80.6
(10 grade)

Time to Mastery. In previous stud-
ies which attempted to improve stu-
dents’ word knowledge through the
direct teaching of word meanings, the
effects of various instructional pro-
cedures were compared. Those studies
which demonstrated sizable gains did
s0 at a large expense of instructional
time. This study was the first to focus
on efficiency as a dependent variable.

The one unequivocal finding of the
study was that subjects taught with the
Small Teaching Set program reached
mastery criterion on the set of S0 words
significanty faster than subjects
taught with the Large Teaching Set
program. Also, more students in the
Small Teaching Set program reached
mastery within 11 sessions.

Given that the groups achieved
equivalent levels of performance on
the multiple choice tests, their dif-
ference in acquisitio.. rates becomes
even more mexaingful. Subjects
waught with the 3mall Teaching Se:
program required less time to meet
mastery criterion on the words, yet
their posttest performance and reten-
tion was equal to thatof subjects in the
other treztment. These findings have
impostant implications for teachers of
low performing or reading disabled
students. An efficient, computer-
assisted method of vocabulary instruc-
tion could provide an additional tool
for teaching vocabulary, without plac-
ing further burdens on teachers’ time.

Growth in Word Knowledge. The
growth in word knowledge evidenced
by both groupe provides encouraging
support for the use of computer-
assisted instruction in vocabulary with
mildly handicapped stucents. Each
group started with a preiest mean

score of about 50%: after seven 20-
minute sessions. cach group's mean
score was around 80% (Johnson, 1985).
When subjects were tested after reach-
ing the mastery criterion determined
for their program, or after 11 sessions
for those 6 subjects who did not reach
mastery criterion, each group's mean
score was around 85%. These scores
reflected a commonly accepted min-
imum mastery level: approximately
85% correct. Finally, on the main-
tenance test, administered 2 weeks
later, each group’s inean score was
above 80%. Although the drop be-
tween postiest and maintenance test
was statistically significant, 80% is still
a high level, especially considering
that subjects began at a 50% level.

Performance on Mieasures Requiring
Alternative Response Formats. Sub-
jects’ low scores on the two transfer
measures should not be surprising.
Studests were taughit with a multiple
choice format, requiring recognition. -
The open-endea ora! test of word
meanings is a more difficult task. The
test of passage comprehension aiso re-
quired response modes considerably
more difficult than the multiple choice
response mode of the CAl programs.
While subjects scored 85% correct on
the multiple choice posttest, they
scored approximately 35% on the
open-ended oral test of word mean-
ings and 50% on the comprehercion
test. Lack of specific training on the
kinds' of tasks tested by the transfer
measures was the primary reason for
subjects’ low scores. Without specific
training on the response characteris-
tics of transfer tasks, mildly handi-
capped adolescents often fail to gen-
eralize academic skills (Alley, Desh-
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ler. Clark, Schumaker, & Warmer,
1983). The implication is clear. Stu-
dents need training in transfer of skills
learned in CAI formats.

Student Actitudes Toward Instruc-
tion. On the attirude survey, most sub-
jects indicated they enjoyed computer-
assisted instruction and the CAl
programs. When asked to indicate
what they specifically liked about
working on the computer, perhaps the
most telling response was, “It helps
keep your mind on what you were [sic]
doing.” Subjects’ positive response to
computer-assisted instruction lends
credence to the claims of Budoff,
Thormann, and Gras (1984) that ad-
vantages of CAI with special educa-
tion students include increased atten-
tion, immediate feedback about
performance, immediate reinforce-
ment, and motivation.

On the question “Did you enjoy
working on the computer? subjects
rated the Small Teaching Set program
significantly higher, as results of a
Mann-Whitney Test demonstrated.
This finding is interesting as it relates
to the design of CAI programs. While
the Large Teaching Set program had
an “arcade” type game, the Small
Teaching Set was designed to foster
rapid learning. During the study, some
subjectsin the Small Teaching Set pro-
gram occasionally asked the experi-
menter why they didn't get to play a
game like the one in the other pro-
gram. The experimenter wondered if
this difference in programs might bias
the subjects against the Small Teach-
ing Set program. The results indicated,
however, that the subjects in the Small
Teaching Set pros, am, which tailored
lessons to their individual learning
needs, rated that program mors
highly.

This finding is important for those
designers of CAI programs who ap-
parently believe that for educational
software to be motivating, it must ap-
proximate computer games which are
popular in video arcades and in the
home video market. Results of the at-
titude survey in this study do not sup-
port such reasoning.

Suggestions for Future Research.
This study contrasted two packaged
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CAI programs. The major differences
between the programs related to the
size of the teaching and practice sets
and the procedures for individualiza-
tion and cumulative review. Ye! other
subtle differences between the sofr-
ware programs may have affected the
outcomes. Since an effect for time tc
mastery was clearly demonstrated for
the Small Teaching Set program, and
posttest performance levels were
equivalent for the two groups, future
rescarch might focus on only the
Small Teaching Set program. By vary-
ing the size of teaching and practice
sets, and by comparing different
schedules for cumulative review exer-
cises, more exact effects of these vari-
ables could be measured.

Although most subjects with learn-
ing disabilities learned from the CAl
programs, as expected. performance
levels were low on the transfer mea-
sures. If disabled readers are to benefit
from computer-assisted vocabulary
instruction, {uture studies need to in-
vestigate the effects of integrating
computer-assisted and teacher direct-
edinstruction. This integration should
follow some of the principles articu-
lated by Beck et al. (1982), although,
hopefully, in a more efficient fashion.
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Figure 1. Example of a computer display of a valid argument.
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Elaborated Corrective Feedback and the Acquisition of Reasoning Skills

A Study of Computer-Assisted Instruction

Much of the recent literature on improving special education teaching prac-
tices has stressed the importance of providing specific academic feedback to
students when they make errors (Carniﬁe. 1980 Peith, Polsgrove & Semmel, 1981;
Stevens & Roseshine, 1981). Correlational studies have shown that more effec-
tive teachers provide immediate corrective feedback to students when errors are
made (Englert, 1984; Gersten, Carnine & Williams, 1982). Furthermore, effec-
tive teachers 0ffar students information on strategy or process that can oe used
to deduce the correct answer (Englert, 1984; Gleason, et al., 1985; Good &
Grouws, 1977; Stallings, 1975). However, relatively little experimental
research has evaluated the impact of the type of corrective feedback provided to
learners.

A mera-analysis of the limitad research on corrective feadback by Lvsakowski
and Waiderz {1%82) suggests that detailed corrective fee:back is superior to
merely t2iling students whether their answers are right or wrong., These authors
suggest that students need to see an overt model of all the steps necessary for
an appropriate response. By observing a model of all the steps necessary in
obtaining a correct response, students receive detailed information on how to
solve the prchlem. This procecerzl knowiedge should Se of usa when thay
encounter similar types of problems. Merely telling students they are wrong,
does not.help them to solve the prablem correctly.

The corrective feedback provided in these various studies can be placed in

one of three groups: a) minimal reedback (telling students if their answers are
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correct or incorrect, b) basic feedback {telling students if their response are
correct, and, if incorrect, supplying the correct answer) and c) elaborated
corrective Teedback (telling students if their responses are correct, and, if
correct, supplying the correct answer and providing additional information about
the correct answer). Elaborated corrective feedback is similar to the correc-
tion procedure Lysakowski and Waiperg (1982) advocate, i.e., detailed feedback
on how <2 zarrectly solve the problem. Only two studies have addressed ela-

berataa carrecsive feedback directly with a handicapped posulation. The results

9{ <ha2 rssaargh have been mixed.

A lcngitudinal study by Siegel and Crawferd (1983) examined the effecis

of elasoratad faedback on mentally retarded students selectad frcm both elemen-
tary and secondary school settings. The researchers compared students taught

with elanorated corrective feedback with students trained on the discrimination

tasks without any corrective feeiback. The elaborated corrections grouo
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siyan sncrily aftar training as well as on the two-year foilow-up tag ..
Jowevzr, this study did not compare the effects of elaborated feadback with
basic feedback in which s:udents are told whether their response is correct,
and, if correct, are told the correct response.

Only ore study, by Meyer (1982),acdressed tnis issue witn nandicapped learn-
ers. Meyer examined the relative effectiveness of elaborated correction proce-
dures and basic correction procedures in teaching word attack skills to two
groups 6f learning disabled students in the secondary grades. The only dif-
ference between the two groups was that, when students in the basic correction

group made an oral reading error, the teacher told them that they were incorrect
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and then sounded out the word correctly for them. In the elaborated correction
group, when student made errors, the teacher reviewed the appropriate decoding
rules, and then had the student sound out the word with her or him. Meyer
reported no significant difference in oral reading performance between students
in the two groups. Her findings are different than those of Carnine (1980), in
which non-handicapped pre-schoolers who received elaborated correction proce-
dures were able to decode more new wcrds than students who received basic
corrections.

There are twe possibie raasens F=r tnis anomaly.  This first is that the
error rate was so low in Meyer's {1682) study--less than 4 percent--that ela-
borated corrective feedback may nct have been necessary. The few errors may
have been due to temporary inattantiveness, slips of the tongue, rathe~ than
failure to know--and know how to 2pply the word atta ruies. The second

possible explanation relates to the difficulty of the skill to be taught.

Grant, Mcdvey, & Keenon (1282} zrzue chat 2laporated corrective feedback is
only necessary for cognitive skiiis tnat are new and/or complex for the learner.
The word at=ack skills for souncing out CVC and CVCe words were hardly new,

or terribly complex to the high school students, many of whom had been exposed
to similar rules for eight years. On the other hand, these same phonics appli-
cazions to word reading would seem complex o preschooiers (Carnine, 1980).

The current study, like the Meyer study, compared the effects of elaborate
corrective feedback and basic feedback in teaching remedial and learning disabled
students.at the high school level, However, in this case, a complex cognitive
task, inferential logic, was se’acted.

Formal logic was selected as the content for studying feedback because of
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its complexity. Also, instruction in logic and reasoning skills has been
generally lacking in the curricula of both “regular® and “special education®
students in elementary and junior-high settings {Cnerkes, 1979). The difficulty
in teaching reasoning skills may account for its absence from the curriculum. A
major purpose of the study was then to evaluate whether remedizl and learning
disabled secondary level students could learn logical analysis skills from
computer-assisted instruction.

However, the primary intent of the study was to examine whether 1ow-
performing students who receive elaborated correction procedures would perfornm
significantly better than students provided basic corrections. We also
examined any differences regarding acquisition time between students as well as
atticudes towar; the instruction.

Method

Subjects

Subjects were selected from six remedial (Chapter One) and special ezucaticn
classrooms in two secondary schools in western Oregon. To qualify for the
study, subjects had to demonstrate: a) a reading comprehension deficiency of no
more than three years on district-administered, standardized reading comprehen-
sion tests; b) a2t least fiftn grade oral reading level, as determined by teacher
judgment; and, ¢) an understanding of the concept of large and small classes, as
evidenced by passing an experimenter-developed classification pretest. (See
ﬁEEE!EEi section.) Reading comprehension scores were considered to insure that
subjects did not have a severe problem with reading comprehension. If reading

comprehension was a serious problem, instruction would need to focus on reading
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comprehension, rather than reasoning skills.

One-hundred and eighteen secondary students in remedial an< special educa-
tion were screened. Of the 28 who completed the study,l3 were iearving disabled
and 15 were remedial, The Woodcock Reading Mastery Test (1978) wis admini-
stered to all 34 subjects. The subjects were matched on scores from the Word
Comprehension zubtest of the Woodcock Reading Mastery Test and %hen randomly
assigned to the Basic Correction or Elaborated Correction group (Cook and
Campbell, 1979). Mean scores for the two graups on the screening test were vi~-
tually identical, 23.67 (SD = 1.15) for the Elaborated Corrective Feedback Group
and 23.85 (SD = 1.28) for the Basic Corrective Feechack Group. Mean scires on
the Woodcock Word Comprehension Subtest were identical for both groups. Both
were 35.79. (Standard Deviations were 6.6 and 8.7 respectively).

Materials

The Reasoning Sk’)is computer-assisted instruction program (Engelmann,
Carnine & Collins, 1983) was designed to teach students two major objectives:

a) to draw conciusions from two statements of evidence and b) to determine
whether a thres-statement argument was logical or illogical. To enter the program
students had to have class inclusion skills, i.e., place members of a smaller
class in a larger classes (e.g., ~ar fitsin the class cf vehicle, fox tarrier
fits in the class of dog). The program then taught students about overlapping
classes (e.g., tall things and buildings) and non-overlapping classes (e.g.
bcys and girls).

: Stu&ents learned three key words (3ii, sore, no) and their corresponding
class relationships:

f°"Ell the smaller ¢lass is included in the larger class

Te2



for some the classes overlap

for no the cla‘ses dG aot overlap.

Table 1 presents cases of all, no and some arguments.

Insert Table 1 about here

The following three rules formed the basis for the first phase of instruc-

tion -- constructing arguments. The first rule is:

"Start the conclusion with the kev word. Before learning this rule, stu-

dents learn what a key word is. Tney learn that in 2 syllogistic argument,
one of the statements of evidenc2 begins with the word all. The word at the
beginning of the other statement is the key word. The key word becomes the

first word in the conclusion (see figure 1).

Insert Figure 1 about here

In a conclusion, the key word is foliowea by two classes. The second rule
tells students how to identify the twc classes nzmed in a conclusion:

“The conclusion names the classes that are named only once in the evidence.”

In any syllogistic argument, one class is always named twize in the evidence.
y

e

In Figure 1, men is named twice. The once-named classes ("humans" and "those

- By
-

Wity brown hair") ara unceriined in Figura 1. Tnese are the two classes inat

(Th]

appear in the conclusion.
The third rule applies to a subgroup of conclusions, only those with all as
the key word. An all statement always places a sma .er class in a larger zlass;

thus a conclusion beginning with all must name the smaller class first. (Class
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order isn't important for some and no conclusions beginning with some or no). In
the following all statements, a small class is placed in a larger class:

All men are animals.

All animals are living things

Men is a smailer class than animals. Animals is a smaller class than living
thinas. The small class must be named at the beginning of the all statement.
Thus, in =ae ccnclusion ("All men are living things") small class, men, must
be named Tirst.

Tha'fci.ew‘ng example is taken from the program. It includes the £
and =ne Sasic Corrections provided when an error was made.

All athletes are humans.

All Taotball players are athletes

Questicn: Zater the number of the smallest class in the evidence.

The correct answer is football plaver. If student responses were a)

atezas 3~ 3! humans, a correction procedure was supplied.

raprac-ion: "The correct answer is football players.”

Ziz=crited Correction: The smallest class is named once and is named at

the beginning of an all ctarement. Football players is named once and

is named at the beginning of an all statement, so football players is

This type of correction may appear contrived at first, yet is, we believe,
essential to providing students with practice on the appropriate form of a logi-

cal argument.

The other major objective of the program was to teach students to identify

unsound arguments. This is discussed in detail in Collins (1984). For logi-
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c21ly unsound arguments, students were taught to specify one of three reasons

why an argument is unsound.

In the study, the Elaborated Correction treatment used an unaltered copy

of the Reasoning Skills program. The Basic Correction treatment used a modified

version of the program. In both conditions, students worked individually on an
Apple Ile microcomputer. In the Basic Corrections program, if siudents made
errors, they were given the correct answer, as sg2cifiec ebove. This was the
only difference between the two conditions.

One feature that was the same for both tr-2zimant: wés 2 provision for review
of missed items. When students missed a question, tne pragram presented the
question again later in the lesson. Thus, all missec questions were answered
correctly before the end of a lesson.

Measures

Screening Measure and Pretests

The group-administerad screening teSt was 25t 0 cezarmine whether sub-

tn

n2

(R}

jects had any background in specifying wnica a2jw=cts it into a particular
class. For example, which of the following ar2 venicles (circle two) a) cars;
b) toy dolls; c) airplanes; d) windmills. The test also assessed whether stu-
dents had mastered the concects of larger and cmaller classes {e.g., which class
is larger, the cless of trucks or the ciass of venicies?). Stuzerts who scored
less than 90 percent on this measure were excluded from the study. Knowledge of
classification is a prerequisite skill for the reasoning skills program, because
large aﬁd small class information is used in the deductive process.

The Word Comprehension subtest of the Woodcock Reading Mastery Test was

given individually to each student prior to the study.” The subtest contains 70
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items in analogy form. Solit-half reliabilities range from .83 to .96,

depending on grade level. The median concurrent validity correiation (with
ather subtests in the instrument) is .86. This subtest contains 70 items in
analogy form. Since this subtest required an understanding of rlassification, &
skill requirement for the CAl program, subjects were matched according to the
scores on this subtest prior to random assignment to one of the two treatment
groups.

Students were also given Form / of the Test of Formal Logic (see below) as a
pretest.

Dependent Measures

These included:

a) a test of formal logic measuring acquisition of the CAl progam's con-
tent,

b) a transfer test, designed to assess generalization of subjects' skills
to new matzarial, and

¢) an attitude survey, measuring students' attitudes toward the computar-
assisted instruction and the reasoning program.

Test of Formal Logic (Collins, 1984). This was the primary dependent

measure in the study. The purpose of this test ‘as to measure a student's abil-
ity to construct anc 2nalyze syllogistic arguments. Two aiternate forms of the
test were designed. Form A was used as a pretest measure and then read-
ministered two weeks after treatment as a maintenance test. Form B was given to
all subjects immediately following the treatment as a post-test measure.

Fifteen itams testad the skills for drawing conclusions from stated evi-

dence. The following item is an example:
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Here's the evidence:
A1l trains are vehicles.
Some trains are steel objects.

1. What will be the first word in the conclusion (all, some or no)?

2. Write the conclusion:

In the remaining eight items, students analyzed a syllogism ana determined if it
was "sound” or “not sound," and if “not sound", explained why.

The content validity of the two forms of the Test of Formal Logic was

assassed by four university instructors ard 15 teachers in a graduate level
college class. These persons were choser because they were considered poten-
tial “users" of the program. These teachers examined the items and indicated
those items which they felt were inappropriate and their reasons for exclusion.
Basad on their comments, these items were either dropped or revisad.

The internal consistency reliability (coefficient alpha) for the instrument

was .90 for Form A and .91 for Form B. This was based on a sample of 28 stu-
dents not included in the experimental study. Parallel form reliability between

Forms A and B was .84.

Transter Jes:

This 15-item test evaluatad subjects' abilities to generalize what they had
learned on the computer to similar analytical tasks, but in prose paragraph
form. fhe transfer test was
devoted to the more difficult objective of the program -- deciding whether argu-

ments were sound, and, if not sound, giving a reason. 'Two examples of these
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arguments appea~ belnw:

A, Michael and Sam were sitting in the Science Lab at school.
Michael had a bottle of arsenic in his hand. Sam said, "Hey, you know that
all poisons are dangerous!" Michael looked at the bottle of arsenic.
Michael said, “It says on this bottle that arsenic is a poison. 3o, arsenic
must be dangerous!" "Yes, I guess so", replied 3Sam.

8. It is vrry easy to describe high school students in America. All
high school students are people who want to drive cars. They always talk
about borrowing their parents' car and driving around town. We can also say
that all high school students are people who have to take tests. [ wonder
why all people who have to take tests also want to drive cars.

The transfer test was given to subjec*s on the day following the completion of
training on the CAl program. Both invalid and valid arguments were included,
with a heavier emphasis on invalid 2~guments (5 valid and 10 invalid arguments).
The argun "nt forms‘paralleIed snos2 arzuments taught in the reasoning skills
program.

Results

Test of Formal Loagic

Table 2 presents the descriptive statistics for the pretest, the post and

——————————————

Table 2 here

————————————

maintenance administrations of the Te-~ of Formal Logic. The Elaborated
Corrective Feedback group had a slightly lower mean pretest score than the Basic

‘Corrective Feedback group on the pretest; this differenca was not significant.
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The posttest mean for the Elaborated Correction group was 13.0 and for the Basic
Correction group 15.2. On the maintenance test, respective means were 18.7 and
13.2.

A 2x3 analysis of variance with one between subjects factor (Type of
Correction) and one within subjects factor (Time of Test) was performed on the
data. A planned comparison was utilized, contrasting performance of the two
¢rsuds on both the post-treatment measures (immediate posttest and maintenance
zasz). The ANOVA indicated a significant difference favoring the Elaborated
{srracticns group; E{I,TB) = 9.87; p <.001. This result incicates a signiticant
affacs for tne use of elaborated corrective feedback on both immediate postitest
ana meintananca test.

Transfer Test

The mean score was 12.07 for the Elaborated Group and 10.29 for the Basic
Group. Standard deviations were 2.97 and 2.56 respectively. These results indi-
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22 -iicant difference between the two training ¢roucs;
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\ = 1070,
/

w

2<.C5, agiin favoring the Elaboratad Corrective Feedback group.

Time fer Lesson

Data were collected on the time students took to complete each of the five
lessons. The purpose of this analysis was to see whether students in tne
Zlaborazas Corrections group took more time 10 compleze the lessons. The
average daily lesson time was 24.86 minutes for the £laborated Corrective feed-
back group and 23.93 for the basic group. A 2x5 analysis variance (ANOVA) with
repeated measures was performed on the time-per-lesson data. The between-
subjects factor was type of corrective feedback training method. The within-

subject factor was time per lesson for five lessons. ‘The analysis did not show
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any significant difference betwesn the time the Elaborated group and the Basic

group took to complete lessons.

Student Attitudes Toward Instruction

A survey was administered after the lessons to all students to determine
whether any difference existed between the two groups on attitudes toward
instruction. The items and mean scores on a Likert Scale are presented in Table

3.

———————————————

Table 3 Hers
There was only one significant diffe~ence between the two groups, on jtem 4,
t(26) = 5.14, p <.00l. This item asked studeats how well they felt they could
detect unsound arguments. Students in the EiaZorzzaa group felt they were
better in picking out a sound argument. Thus, the self-renort parailels
the performance data.
Oiscussicn

This study was the firs: to explorz exserimenzzily tne effectiveness of ela-
‘borated corrective feedback in teaching a complex cognitive skill to handicapped
learners. These results, unlike those of Meyer (1982), indicate this is an
effective instructional procedure. 1In the Meyer study, students were familiar
wizh the pncnic ruies. The differsnce in the contant of the two studies
suggests elaborated correction procedures may be necessary only when students
are learning new or complex rules or strategies. The merit of elaborated
correction procedures is confirmed by the&significantly higher scores on the

transfer test and the greater confidence in identifying sound arguments for the
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students in the £laborated Corrections group.

At first glance, though, the roughly equivalent times for the two treatments
to complete the lessons seem anomalous. With more text to read in elaborated
corrections, that treatment would seemingly take longer to complete the lessons.
Complecion times were not significantly greater for the elaborated corrections
group, however.

The extra time required to read the elaborated corrections may have been
compensated for by faster acquisition of the material. As mentioned 2arlier,
the cemputar would return a student to items that were missed earlier in a
lesson. If elabcrated cocrrections resulted in fewer mistakes, stuaents would
spend less time returning to missed items. This interpretation suggests that
taking mors time early in a complex instructicnal sequence to offer elaborated
corrections may in fact lead to savings in instructional time later in a
program.

8oth the basic and elaborated correction groups improvad their reasoning
ski1ls as measured by the dependent variable. The groups demonstrated a mean
score of 68-70% on the posttest (a dramatic gain from the mean scores of 26 to
34 percent on the pretest). The systewatic design of the instruction -- par-
ticularly through a series of carefully controlled rules--may have contributed
to this gain.

Well-designed computer programs could increase students' academic engaged
time in two ways -- by replacing some time spent in seatwork with interac-
tive insﬁruction, which tends to have higher engagement rates (Rosenshine,
1983) and by having students receive interactive instruction outside of

school. These applications are parcicularly significant because the program was
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a true tutorial. Reasoning skills were acquired without any instruction from
the teacher. Typically, CAl programs merely provide drill and practice exer-
cises to supplement teacher instruction. Here the program did all the
instructing. This finding goes against prevalent research (Winkler, et al.,
1984) suggesting that properly designed CAl best serves as a supplement to con-
ventional instruction.

In this study, CAI succeeded at providing initial instruction. With

suitable content (e.g., rule based) and viable instructional design (Engelmann & E

.

Carninz, 1982), CAI can play a much larger role in instruction.
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rable 1. Examples of Syllogistic Arguments

1. Example of an argument with "All" Statements of evidence:

A1l men are human.
11 humans require oxygen.

{So) A1l men require oxygen.

2. Erample of an arqument with a “No" statement of aevidence:

All men are human
No birds are human.
(So) No birds require oxygen.

3. Example of an arqument with a "Some" statement of evidence:

All men are human,
Some men are over six feet tall.

(So) Some humans are over six feaet tall.

b
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Table 2

Means, Standard Deviations and Mean Percent of Items Correct on Criterion

Referenced Measure (Test of Formal Logic)

Time of Test

Pre Post Maintenance
Elaborated Corractions (N = 14)
M 6.0 18.0 18.7
D 3.67 4.69 3.97
Mezn Parcent Correcs 25.1 78.3 8.3
Basic Correctiens (N = 14)
M 7.0 15.2 13.2
S0 3.55 6.14 6.81
Mpan Percenst Correce 0.8 5.1 7.2

TE2
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Table 3

Student Attitudes Toward the Program

.
. %

Group
Questions
Elaborated Basic
Corrections Corrections
noos Boos0
1. Was this program intaresting <2 you? J9 .43 .86 .36
(1-yes 0-no)
2. How well did you enjoy the program? 1.57 .51 1.36 .63
(2-1 enjcyed it 1-1 feel OK about
tha program 0-I did not enjoy the
program)
3. Do you feel you understood the rules 1.2¢ .47 1.20 .58
and examples in the program?
(2-311 the time l-sometiries O-never)
4. Do you feel like ycu ¢2n ncw gick out 1.43 .51 1.07 .27

a sound argument?
(2-a11 the time l-somezimas G-naver)
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Secc:idary students spend a considerable amount of their ime completing
applicatinn-criented activities. In performing these tasks, students are asked to make
a variety of inferences about a subject area by pn'dently using facts, concepts, and
strategies or problem solving skills. Unfortunately, it is easier to just teach students
rote memory information and procedural knowledge (i.e the literal algorithms used
in solving a problem) than the comprehension and problem solving skilis called foi in
many application items (Doyle,1983).

Some writers (Cherryholmes, 1966, Greenblat & Duke, 1975; Cruickshank &
Tefler, 1980; Budoff, Thormann, & Gras, 1984 ) have suggested tnat one way to
enhance these kinds of cognitive skills is through educational simulations.
Simulations are thought to increase student participation (Boocock & Schild, 1968;
Farran, 1968; Stembler, 1975) and allow low achieving students the much ne¢ ded
practice in applying what they've learned to new siuations (Cohen & Bradley, 1977).

Yet the results of research on educational simulations, on the whole, have been
discouraging. After an extensive review of studies cenducted in the early sixties,
Cherryholmes (1966) found that the effects of simulations wera no greater than
conventional instruction. Students neither leamed more facts and concepts than
they did in conventional instruction, nor did they show the anticip. .J increases in
critical thinking and protlem solving. A more recent review of simulation research by
Pierty (1977) reached conclusions similar to those of Cherryholmes. At best, the
resulis have been mixed regarding the effects cf educatioral simulaticns (McHenry,
1969; Livingston, 1971; Greenblat, 1973; DeNike, 1976: Pierty, 1577; Jackson, 1979;
Bredemeier & Greenblat, 1881; McKenzie & Padilla, 1984). Current research in
computer simulations and other computer enrichment activities, although limited,
also indicates little support for these techniques (Bangert-Drowr., Kulik, & Kulik,

1985; Waugh, 1986,
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Much of the research on simulations has been plagued by fundamental
weaknesses in research design. Several interventions have been m.uch too brief,
usually with or:ly one play of the simulation (Boocock & Schild, 1968; Fletcher, 1971;
Pierfy, 1977). Quite a few studies (Livingston, 1970; Emery and Enger, 1972;
Fennessey et al., 1973; Brenestuul, 1975) used rather crude quasi-experimentat
designs involving intact classes being assigned to treatments on a non-random
basis. In some cases, the intent of the simulation games, and hence the research
hypotheses, were pooriy formulated (Williams, 1980).

Finally, there are problems with criterion measures used in many simulation
studies. Of the 22 studies reviewed by Pierfy (1977), vinually all of them were
investigator-developed criterion measures, with very little detail about the
construction of the measures or their reliability and validity. By failing to thoroughly
analyze the instructional goals of simulations, some researchers did not design
measures to capture everyting taught by the games (Megarry, 1977).

The problems with simulation research, however, go well beyond research
design and instrumentation problems. Fletcher (1971) ncted that many of the
simulations used in the research had never becn field tested, and thus were of
unknown quality. He cited the great variation in the quality of the games used ( in
terms of complexity, levels of sophistication, and interaction arnong participants) as a
major source of the weak results reported.

The study reported here aiter'pted to remedy many of the problems and issues
cited above. The obvious problems regarding the length of intervention and random
assignment were relatively easy to avoid. Also, validity and reliability issues cf the
measures used are addressed. We attempted to created an instrument that reflected
the problem solving skills actually taught in the simulation.. The intent anc

instructional goals of the simulation Health Ways were formalized into a set of



specific stratagies, all monitored by a meta-strategy. Figure 1 represents the

problem solving strategies used in the simulation.

Insert Figure 1 about here

The simulation itself was fie'd tested in several junior high school classes and
with students of varied abilities. Problematic features of the simulation were refined
ater each field test. Other components of the intervention, which will be discussed in
the methods section, were pilot tested before the study.

The present study also attempted to address a curious feature of must past
simulation studies. Virtually all studies have directly centrasted simulations to
conventional teaching methods. Only on a f2w ocsasions have the combination of
conventional instruction and a simulation been compared to a conventional method
alone. This is understandable with non-computer simulations, as time
considerations (i.e., the number of days or weeks needed to fully implement a
simulation) usually prohibited a cnmbined intervention.

With computer simulations, the situation is different. Tae effects of different
variables can be demonstrated quickly (Doob, 1972), and less instructional time is
required to demonstrates causal relationships and essential concepts.
Unfortunately, very few experimental studies invoiving educational computer
simulations have been documented. None had compared conventional instruction
and a computer simulation with just conventional instruction. '

A final aspect sets the present study apart from earlier research. Conventional
instruction vias delivered according to principles derived from recent teacher
effectiveness research (cf. Brophy & Good, 1986). Teacher modeling, high rates of

teacher-student interaction, guided practice, and structured seatwork were used in
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teaching pasic facts and concepts to both groups in this study. This enabled us to
better gauge the additional effects the simulation had on basic facts and concepts.
A secondary purpose of the study wcs to determine the extent to which a
simulation could assist secondary learning disabled students in special education
classrooms in acquiring factuat information and problem solving sk.lls. In adaition to
evaluaiing these students’' performance in absolute terms, their performance was

cempared to that of their nonhandicapped age mates who were enrulled in health

education courses.

Method

Subjects

All of the subjects were learning disabled high school students eligible for
special education services by federal and local standards. Because of the reading
requirements of the simulation, students who scored lower than he sixth grade
reading level, as measured by the Metropolitan Achievement Test (1970), were
excluded as subjects. The thirty studeats who met these criteria participated in the
study, an equal number of students in three classes were randomly assigned to
either the conventional or simulation condition.
Materials

Health Ways is a commercial software program developed by Carnine, Lang,
and Wong (1985) for the Apple il and IBM PC computers. As a siinulfation, Health
Ways requires learners to manipulate several variables (e.g., life threatening
diseases, stress levels) in order to achieve an optimal life expectancy. Learners are
presented a basic health profile which can be examined further by selecting various
options. An example of such a profile is presented in Figure 2. For example,
learners can inquire about eating habits by selecting ...« nutrition option. By doing

this, they can see how much cholesterol, sugar, saits, etc., the profile character

1
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consumes. Learners must make changes in the most life threatening health habits

(e.g.. heavy smoking) and control other variables to be successful at a Health Ways
game.

Insert Figure 2 about here

We also developed the Health Ways Supplementary Curriculum - an
accompanying written curriculum (Woodward & Gurney, 1985) that extended

information presented in Health Ways and the original Health Ways teachers guide.
Information was taken directly from twc widely used jurior high school health
textbooks. All of the information was rewiitten te control for vecabulary and amount
of new information. Clippings from newspapers, news magazines, journal articles,
and health pamphlets were also used in the supplementary curriculum. Even though
the supplementary materials re'ied heavily upon texts and other sources,
considerable preparation time was raquired. Researchers estihats that it took
approximately 70 hours to create the modified curriculum. The reading level of the
curriculum, as determined by the Fry (1977) Readability ‘fest, was approximately
sixth grade.
Procedyres

All students were instructed for 40 minutes per day for twelve days. The lesson
consisted of two parts. The first part, called structured teaching, was identical for
subjects in both conditions. A structured teaching method, following the model
proposed by Rosenshine and Ste\;ens (1984) and Brophy and Good (1986), was
used for this segment.

Structured Teaching, Instruction was conducted in & large group of 12 to 15

students for this part of each lessonr. Instruction began by reviewing essential
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information from previous lessons. Students were then presented with a list of
vocabulary words, which were essential to the day's lesson (e.g., cholesterol,
diabstes). Forthe next fifteen minutes, each student indgependently read the two to
three pages of text for that day's lesson and answered written comprehension
questions. The teacher the. discussed the answers with the group and presented a
series of review questions covering the main points of the lesson. At the end of the
initial instruction, students separated into twc groups: one which werked with the
computer simulation (the Simulation Group) and one which workec o~ traditional
application activities (the Conventional Group).

The Conventional Group 'worked in the resource room under the supervision of
the resource room teacher, who presented.these students with a variety of
application or review activities. These exercises, typical of a high < ~hool health
education class, were reviewed for repiesentativeness by two health teachers at the
high school where the siudy took place. For example, the Conventional Group
students kept track of their diets for three days and analyzed thei: choiesterol levels.
Other exercises inciuded analyzing one paragraph profiles of different individuals
and diagnosing poor health habits. Students completed the exercises during the last
twenty minutes of the period.

Simulation Group students were taught in a computer lab, each student working
individually at a microcomputer. Students in this condition worked on the Health
Ways simulation for twenty minutes each day. Instruction over the twelve day period
was broken into three phases: initial modeling of the simulation tutorial and one
simulation game (three days), guided practice on three simulation games (two days),
and independent practice with individual feedback from the instructor (saven days).

In the initial modeling phase, the inst(uctor modeled each component of an
effective strategy for playing the Health Ways gaines. The teacher modeled working

on the most important heaith problems first, to control stress immediately if it rose to a

N




level that was too high, and to be sure to maintain changes by using the

maintenance option. Each component of th strategy was modeled in isolatiors and
then integrated in later instruction. The most important instruction in the initial
modeling phase invo'ved the prigritizing of health problems. Students were first
taught to look at current disease and hereditary information. If the profile indicated a
heredity of hypertension, this meant that the student should first look at the _
individual's diet and check the level of salt consumption. If it was high, this led to a
correlated change (i.e., an heredity of hypertension implies the need for a low salt
diet, thus the student must change the character's salt intake). This habit was the first
to be changed. The remaining habits were identified in their order of priority (i.e. the
second and third most important habits).

In the guided practice phase of instruction, students were briefly taughtin a
group with one microcomputer. They were shown the initial screen in a Health Ways
game profile, and individual students were asked to prioritize the first three health
problems or habits and their correlated changes. Once correctly identified, the
students were shown .nother profile. After three or four profiles, each student went
to his or her computer in the Iab and played the Health Ways games.

The independent practice phase allowed the students to play Health Ways
games continuously for twenty minutes. The teacher circulated among the students,
observing and commenting on a student's "play” of a game (i.e., how well he or she
employed the strategy taught in the modeling phase of instruction).

All teaching was done by the researcher and a certified special education
teacher. Assignment of teachers to treatment was counterbalanced, with the
researcher and the ‘eacher changing groups half way thrcugh the experiment. This
was done to control for the effects of the teacher, a common problem that has flawed

many computer based instruction studies (Bangernt-Drowns, et al., 1985). The
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amount of total instructional time was controllec in this study; both groups received
the same amount of teaching and independent work.

Measyres

Students were assessed one day, two days, and two weeks following
instruction. On the first day, acquisition of basic facts and concepts taught in the
curriculum was measured by the Nutrition and Disease Test. The Nutrition and
-Disease Test was a 30 item test designed to measure students' retention of the
important information contained in the written curriculum. Questions on the test were
fill-in the blank, usually requiring only one or two word answers. The first 20
questions were solely from the written curricuium. The remaining 1" were questions
over matenal that appears in both the written curriculum and the Health Ways
simulation. Internal consistency reliability (coefficient alpha) of this measure is .84
"ased on a sample of 42 students. The Nutrition and Disease Test was given again
two weeks after the instruction as a retention measure.

The second measure, the Health Diagnosis Test, was a set of three written
profiles administered two days after the instruction. Thic test measured the student's
ability to detect important health problems facing an individual, identify and change
related health habits, and control stress as it increased due to the health changes.
Central to the Health Diagnosis Test was pnoritizing health problems. For example,
the test measured the student's ability to net only identify, but order the health
problems in terms of their importanc. .0 the individual's longevity. The Health
Diagnosis Test has a test-retest reliability of .81. Table 1 presents an example of une

cf the test's three profiles.

Insert Table 1 about here




Scoring Procedures, For the Nutrition and Disease Test, only answers
contained in the written curriculum or acceptable synonyms were considered correct.
Subscale scores were obtained for two sections: a) those items reinforced and b) not
reinforced by the Health Ways simulation.

Special procedures for scoring the Health Diagnosis Test were developed.
Three different areas were assessed in the measure: a) identifying important health
problems, regardless of order, and making the appropriate correlated change i)) the
ability to prioritize health problems and ¢) attending to stress when it was at a high
level.

Current health facts and statistics were used to develop criteria for correct
prioritizing. The criteria state that the learner should attend to current disease and
hereditary information in determining which health habits are most detrimental,
hence, which habits need to be changed first. A strict and a moderate criteria were
used to measure students’ ability to prioritize. To score at the strict criteria, a student
must change the three most important haalth problems in a specific order (i.e. the
habit associated with the current disease first, the one associated with the hereditary
disease second, and thn remaining detrimental habit third). These criteria were
established by a committee consisting of the experimenter, a professional health
educator, and two special education researchers. Students who scored at the
moderate c:iteria simply changed, in any order, the habits associated witi1 the current
disease anc hereditary problems within tne first three changes.

In addition, both tests were also given to a random sample of non-
handicapped high school students from health classes. Tests were given to tenth,
eleventh and twelith graders in introauctory and advanced heaith classes. Their

scores were compared with those of the two grc 1ps that participated in the study.
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Besutts

The Nutrition and Disease Test

A 2 x 2 (treatment by time of test) analysis of variance ith repeated measures
on one factor was performed on the total number of correct respons-s on the )
Nutrtion and Disease Test. Table 2 provides the descriptive statistics for the correct
number of responses for the post and maintenance tests for each group. Means

were also converted to a percent correct.

Insert Table 2 about here

The analysis shows a significa:it main effect for instructional method; E(1,28)=

5.30, p <.03. For ooth treatment groups there was a significant drop in scores from
post to maintenarice test; 5(1'25) = 16.23, p <.001. No significant interaction was
found. The simulation had a significant effect on mastery of key concepts in the unit:
this effect was maintained over a two week period.

Subscales analyses, The 30 item test ‘was broken into two subscales: a) items
reinforced by the Health Ways simulation and b) items taught in the curriculum and
not reinforred by the simulation. Separate 2 x 2 ANOVAs with repeated measures

were performed on each subscale. The effect on items rasinforced by Health Ways
was significant; E (1 2g) = 40.02, p <.01. The effect for items not reinforced, however

way, nonsignificant, E(q 28) =3.73,p <.06. This demonstrates that the simulation

was an effective vehicle for reviewing material that had already been presented in

the wntten curriculum.

o
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Health Diagnosis Test

Scores for the conventional and simulation groups were compared on a) the
total test score and b) the total test score without stress as a factor. The reason for
this was that the simulation group was explicitly taught *he relationship between a
health change and an increase. in stress through Health Ways, Students in the
conventional gre'ip were never taught about this relationship, thus it would be
unlikely that these students would immediately control the stress level in the
Diagnosis Test. Therefore, the factor of stress was removed from the analysis of the
total test scores, which appears at the top of Ta* 3.

The three essential problem solving skills for the Health Diagnosis Test were
independently compared: (1) prioritizir3 health habits (2) stress management and-
(3) identifying health problems and making correlated changes. The t-tests
demonstrate a significant differe'hce between the two groups accor®ig to all
analyses demonstrating that the intervention had a consistent, significant effect on

problem solving skills of the simulation students.

Insert Table 3 about here

The correlation between Metropolitan Achievement Test (MAT) Reading scores
and total scores on the Health Diagnosis Test was non-significant (.12), much
weaker than the correlation of .44 between MAT Reading and the Nutrition and
Disease Test, a more conventional academic measure of facts and concepts. The
non-significant correlation suggests no relationship between traditional academic
measures (such as a standardized achievement test) and the problem solving skills

measured by the Diagnosis Test.

Gu
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In addition tr; the generally superior performance by the simulation students on
the Diagnosis Test, there is some indication of a moderately strong relationship
between their scores on this test and their understarding of the simulation. At the
end of the third profile, the examiner asked each student to state his or her reasons
for making the first, second, and third changes on the profile. In other words, the
examiner asked why were the changes made in the order specified by the student.

_Responses to this question were categorized as 1) the student guessed (didn't know,
didn't care, didn't know why) 2) the student was working on health problems but in
no apparent order (i.e. no prioritizing strategy was used) or 3) the student worked on
the most importént health problem first (i.e. some kind of prioritizing strategy was
used). The correlation between a student's score for this response and his or her
total test score on the Diagnosis Test was .69. This suggests a moderately strong
relationship between the strategies that students thought they were using in the test
and those that they actually used.

Secondary Analyses: Comparison with Non-Handicapped Hiah Schogl s'mggnts

In a supplemental analysis, a one way analysis of variance (ANOVA) was used
to compare the test performance of the conventional and simulation groups with non-
handicapped students from reqular heaith classes who did not participate in the
study. The purpose of this quasi-experimental comparison was to extend the post
test analysis to students of a comparable age group who were aiso receiving health
instruction. Again, scores from each section of the Health Wéys Nurition and
Disease Test and the Health Ways Diagnosis Test were analyzed. These results are

presented in Table 4.

Insert Table 4 about here
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Total score on the Diagnosis Test showed significant differences between the

groups (F(2,42) = 27.36 2 < .001). A Tukey post-hac comparison indicated

. significant differences favoring the handicapped simulation students ir Soimparison
to regular classroo™ students (p_ < .01). There was an equally significant difference
favoring the regular classroom students over the learning disabled <tudents in the
conventional group (g < .01). The learning disabled students in the simulation group
had problem' solving skills on the health profiles superior to those of non-
handicapped students in regular health classes. The nion-handicapped students, in
«urn, out performed the handicapped students in the conventional group.

A significant difference also appeared between the groups on the reinforced
items or: the Nutrition and Disease Test, F(2,42) = 5.35, p < .01. Tukey post-hoc

‘comparison showed a significant difference between thr sbecial education
simulation group and the two other groups (p < .05), favoring the handicapped

students taught by Health Ways. Differences on the non-reinforced subscale items
were non-significant.

Discyssion

The Health Ways simulation was an effective tool in tc ach; " material not
easily taught by traditional means. In this study, we used direct instruction
techniques in the initial phase of instruction to teach material rewritten from widely
used health textbooks. The results indicate the use cf computer simulations can
effectively compiement traditional instruction.

'n addition to providing the experimental students with a simulation, we taught
an explicit strategy that enabled them to be successful (see Figure 1). The results
support the view that a structurcd approach in simulations, one where iearners'

tactics are specified and guided, does have significant educaticnal =ffects.

59
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The analyses indicated that the students in the simulation group performé 1 at a
significantly higher level ¢~ “ealth fact and concept items that the simulation
reviewed. The simulation also had a significarit effect in developing problem solving
sk@lls in health. Simulation students wera significantly bettar at prioritizing specific
healih habits, ones that reeded to changed in the game's profile character in order

to improve his health ard longevity.

The superior performancs -y the learning disabled <tudents in the simulation
group over non-hancicapped students from regular health clz“ses suggests the
extent to which explicit strategy instruction can be successful in teaching problem
solving skills. The two non-handicapped students who had the highest scores on the
Diagnosis Test articulated a priaritizing strategy comparable to tt 1t given by several
of the special education students. Thus, many of the special education students in
the simulation group showed a conscious awareness of the strategies that they were
using, as did thre two untaught, non-ﬁandicapped students, who may have achieved
their awareness in a more intuitive manner.

Beth the instruction in basiz health concepts and the expiicit strategy for the
simulution wers based on instructional design principies Adescribed in the Theory of
instruction (Engelmann & Carnine, 1982). Instruction began with models by the
teacher of both successful and unsuccessful strz:egies that could be usec with
Health Ways, Next, - tudents practiced the strategy over a range of profiles with
feedback from the researchers. Gradually, the explic’* reminders or prompts about
steps in the strategy were removed, and the simulation students worked on Health
Ways profiles independently.

The simulation .tself was also designed to foster the acquisition of a strategy.
The Health Ways simulation was preceded by a tutorial containing three simpler
versions of the simulation profiles, each one slightly more complex than the

preceding one. This gradual progression from simple to cc nplex allowed aspects of
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the overall strategy to be introduced and practiced one at a time. The contribution ci
detailed, explicit strategy instruction (i.e., the methods described by Engelmann &
Carnine, 1982; Palincsar & Brown, 1982) has been investigated with handicapped
students in reading comprehension (Carﬁine & Kinder, 1985), content area
instruction in science (Darci: & Carnine, in press) and logical reasoning (Collins,
1¢84). Som.e research on computer simulations suggests that when contrary .

procedures are followed (e.g., informal instruction, particularly where clear strategies

and corrective feedback are absent), student learning is ins_nificant {Waugh, 1986).

The present results indicate that simulations combined with instruction in
strategies for successful use of ithe simulation can contribute to a student's learning
of both factual informat.on and sroblem solving skills.” However, the resuits say
nothing 2 sout the use of comrputer simulations «'s "stand alone” activities. Since the
two treatn ents different in several respects, we cannot isolate a specific variable that
accounted for the resuit.. That 15 learning disabled students exhibited problem
solving skills and that this was true for only two non-h~ndicapped students
underscores the potential >f combining instruction and simulations. Future research
could address the simulatior alone by comparing Health Ways to Health Ways
accompanied by explicit strategy instruction. These findings would help articulate
the context in which computer simulatior.. can be of the most benefit to students. A
separate line of research will continue to svaluate the various components of

strategy instruction, whether mediated by a teacher or by a computer.
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Figure 2

Health Ways Simulation Profile

Ages: Today's E
gﬂ Year Week Day Expected Winning
N . 50 00 O 65 75
Will Power = 180 Stress = 35 )
Name: " James
Heredity: Lung cancer
Diseases: No current ailments
A) Weight 20 pounds overweight
’ 8) Tobacco Moderate smoker
C) Alcoho!l Non-drinker
D) Exercise Moderate 5 times/week
) Nutrition Seez Sub-menu
F) Lifestyle See Sub-menu
G, Maintenance Menu
g) Stress Reduction Menu
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Table 1
Health Facts on Julie Hill

Age: 34
Heredity: diabet C { D - iver di
1. Weight and diet: 7 pounds overweight

a. Eats breakfasts

b. Eats a lot of food with cholesterol

c. Eats a lot of empty calorie sweets

d. Eats very little food with sodium

e. Drinks very few beverages with caffeine

f. Eats a lot of food with fiber

g. Eats balanced meals
2. Tobacco: non smoker
3. Alcohol: light drinker (3 drinks a week)
4. Exercise: exercises 5 times each. week

5. Stress: average stress in her life




Table 2

Means (M), Medians (Mdn), and Standard Deviations {SD) of Number
of Total Correct Answers on the Nutrition and Disease Test

by Instructional Group

— PostTest ~Maintenance Test

Maan % Mean %
N M Mdn SD Comect N M Mdn SD Correct

Simulation 15 22.00 21.5 3.72 733 15 18.97 20.5 5.08 . 66.5.
Conventional 15 77.93 18.5 5.86 59.7 15 1547 165 544 516




Tabie 3

Summary of { -Tests for the Diagnosis Test

Simulat C ional

M SD M SD {1 df o)
Total Test Score 27.7 6.2 1247 49 752 28 <.001
C t Probl Solving Skills Involved in the Test
Prioritizing Alone 84 47 147 19 527 28 -.0n1
Stress Management 49 1.8 173 23 427 28 <.001
Identifying Health
Problems & Maxing
Correlated Changes 14.4 2.1 927 28 566 28 <.001




Table 4

Means (M) and Standard Ceviations (ST, for Handicappe- and Non-Handicapped

Students on the Two Academic Measures

N M s
Nutrition and Cisease Test:
Jotal Score
Mildly Handcapped Students Taught By:
“‘mulation 15 22.00 3.72
Conventional 15 17.93 5.86
Non-Handcapped Students: 15 19.47 4.94
Nutrition and Diseise Test:
ltems Reinforced by
Heatth Ways
Mildly Handicapped Students Taught By:
Simulation 15 7.33 1.35
Conventional v 560 220
Non-Handicapped Students: 15 5.53 1.46
Health Ways Diagnosis Test:
Total Scere
Mildly Handicapped Students:
Siraulation 1€ 27.73 5.89
Conventional 15 12.47 4.88
Non-Handicapped Students: 15 18.07 6.03
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The Effectiveness of Videodisc lnstructnon in
Teaching Fractlons to Lml)aabled and
Remedial ngh School Students?®

BERNADETTE KELLY"
DOUGLAS CARNINE

RUSSELL GERSTEN
and

BONNIE GROSSEN
University of Oregon

Abstract

This study compares the effectiveness of a videodisc curriculum that - - --
incorporates principles of instructional design (including discrimina-
tion practice and cumulative review) with a traditional basal program
designed to teach basic fractions skif ... Tweniy-eight high school
students, including 17 mildly handicapped students, qualified for the
study by showing (a) mastery of whole number operations and (b) less
than 50 percent n\at«ydﬂnﬁacm:kiluobelaugn The
students were matched in pairs based on a pretest score and math
scores from the California Achievement Test, and then randomly
assigned to one of tiie treatments. During the ten-day intervention,
observers collected data on levels of treatment implementation and
student on-task behavior. A criterion-referenced posttest and two-
week maintenance test were administered. The videodiec curriculum
resulted in sigificantly higher posttest and maintenance test scores.
Levels of on-task behavior were significantly higher in the videodisc
sessions, although levels in both conditions were above 80 percent.
An analysis cf stud. nit error patterns indicated that differences in
instructional design .eatures contributed to the relative effectiveness
of the two curricula.

The Nationa! Assessment of Educational Prouress rer.orted that, nationally, “performance il
fractions computation is low, and students seem to have done their computation with little
understanding” (Lindquist, Carpenter, Silver & Matthews, 1963, p. 16). For example, the assess
ment found that only one-third of U.S. seventh-graders can add 1/2 and 1/3. The problem s even
more pronounced for handicapped students.

1Requests for reprints should be addressed to the first author.

?The research was supported in part by Grant No. G008400660-02 from the U.S. Department of Educatem T
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6 ’ . Videodisc Instruction

Research on effective instructiunal practices with special education students gives some
indication of how to improve instruction. Englert (1984) measured mildly handicapped studeni~’
growth on a range of basic skills measures and correlated this growth with observed teacher
performance. More effectve teachers (classified on the basis of high student academic guin)
prowvided appropriate academic feedback 1o student errors more frequently than did less effectv

throughout each lesson. This set of variables has been found to be effective with low performing
students n regular classroom settings (Good & Grouws, 1979; Gersten, Carnine & Williams, 1982:
Rosenshine, 1983).

However, improved teacher training and improved teacher presentation techniques may.nut
be enowgh. The curriculum itself is being called into question. Ten years ago, a report from the
iNational Council of Teachers of Mathematics (Carpenter, Coburn, Reys & Wilson, 1976) deline
ated problems in the way fractions were taught in cowventional curricula. More recently, the
California Department of Education declared that all 14 of the major textbooks were deficient
their treatment of fractions, decimals and problem solving.

Clearly, empirical investigations of the instructional design of a curricul2 in an area such as

Engelmann & Carnine's (1982) theory of instructional design. The.basal program was selected
from the four most widely adopted textsin the United States. It features the following instructional
design components: clearly stated objectives, practice examples relating directly to lesson abjet

uves, review tests with remediation pages specified, reteaching worksheets, and the provision of
step-by-step strategies. It also includes practice with concrete objects (manipulatives), a feature
recommended by many math educators. We believe it represents one of the better basal texts

The Mastering Fractions program (Systems Impact, 1985) has been developed from o
research baseu theory of instruction {(Engelmann & Carnine, 1962) andincorporates sophisticated
principles of instructional design. It uses interactive videodisc to replace conventional text,
although worksheets use conventional print formats. The primary question under investigaiion s
whether the instructional design features incorporated into the videodisc program can increase
student performance. it may be argued that the videodisc medium may contnbute 1o Increascd
student performance. While the medium canfaciltate the implementation of effective instructional
procedures, there s evidence that the instructional design features incorporated into a curnculum
result in higher student performance, rather than the instructional medium per se.

A recently-conducted study {(Hasselbring, Sherwood, & Bransford, 1986), compared the
effectiveness of the Mastering Fractions program with a curriculum incorporating the sam-
\nstructional design features, but not involving the videodisc medium. Instead, teachers presented
the examples and exercises from the Mastering Fractions curriculum on an overhead projectoy
‘T hey found no difference between students’ scores on 3 criterion-referenced posttest betwe .
these two conditions. In other words, the medium of instruction appeared to have no effect The
third expenmental condition utilized the fractiors curriculum currently adopted by the schend
district. Student performance in both Mastering Fractions conditions (with and without the
videodisc) were significantly higher than student performance in the basal condition. This finding

suggests that the difference in performance c7n be attributed to the instructional content of the
Mastering Fractions program, and that any novelty effects produced by the videodisc medium are
not significant.

In a review of research evaluating a range of instructional media, Clark (1983) argued that
insiructional technologies are “mere vehicles that deliver instruction but do not influence student
achievement any more than the truck that delivers our groceries causes change in our nutntion”
(p.445). Clark recommended that future research focuson curriculum design rather than medium

-

<O
(€8]

s
A
ke
[R5

.
Lt
Sy

RN




Kelly. Carmne. Gersten, Grossen . 7

of delivery, as the curriculum design seemed to be a major variable in determining the effeciveness
of an instructional program. .

Comparison Between the Videodisc and Basal Curricula

In order to elucidate the principles of instructional design incorporated :n the experimental
curriculum, this section compares the Mastering Fractions program and the basal program used in
the current investigation. The section covers the following curriculum dimensions: review pro
cedures, discrimination practice, example selection, and explicit strategy teaching.

Review Procedures

In the basal program, a skillis introduced and praciiced but then “disappears” for several days
For example, Mathematics Today téaches multiplication of fractions in one lesson. In subsequent
lessons, other skills are introduced, including multiplication of whole numbers and fractions,
multplication of mixed numbers. However, in the next three lessons students work with word
problems. reciprocals and division, after which students are expected to perform the multipli anon
of fractions independently on review and test lessons.

In Mastenng Fractions, the skill of multiplyine &actions is introduced and then procticed on
everv subsequent lesson in the program. Each new skill that is taught is reviewed cumulatively. or
vise incorporated into more complex skills.

Discrimination Practice
Students who leavn to carry out certain steps again and again on the same type of problein

may have difficulties when they encounter different problem types mixed togetherama rest. ton -

example, a 14-day umit in the basal proaram introduces adding and subtracting fractions. In the
next unit, students learn the strategies for multiplying and dividing fractions. No practice s gwven on
discnimination between the strategies {e.g., multiplicaticn and addition). In the review ~nd test
lessons, the problem types are still separated. Students never receive discrimination Pro ti o
between strategies. After the ‘wo units, fractions operations do not Znpear againin the text lor the
remainder of the school year.

In Mastenng Fractions, a skill is introduced, practiced, and within a few lessons mixed with
other types of problems. For example, exercisesin the lesson presentation specifically address the-
ditferences between addition and multiplication strategies. If students have difficulty making thue
discnmination, specific remediation is given, after which students are required to work o set ol
problems involving both operations. The skills are then integrated with other types of problems un
every worksheet.

Darch, Camnine and Gersten (1984) compared the effectiveness of a regular basal mattic
matics curriculum with a curnculum program similar to Mastering Fractions in that it incorpor died
systematic discrimination practice. Students who received discrimination practice performd
significa. .ly better than students who did not, on a criterion-referenced posttest and maintenans o
test. Englert (1984) also emphasizes the importance of discrimination practice for mildly hanch
capped students, to avoid confusion between related concepts.

Example Selection

Range of Examples. In the basal program, when students first encounter pictures ot
fractions, all examples are less than one. In the next grade level, mixed numbers are introduced as o
whole number and a fraction, reinforcing the misconception that fractions can only represent
qualities less than one. Improper fractions do-not appear until the next grade level. A common
error occurs when improper fractions are finally introduced; students represent these fractions as

less than one; e.g., for 5/4 students write: @




Vidr,odisc instruction

Ay

Mastering Fractions teaches students a strategy for reading and writing both proper and
improper fractions from the beginning of the'program:
(a) The denominator tells the number of parts in each unit:

YL
+D DD

(b) The numerator tells the number of parts used or shaded:

+@ DS
+@POD

The wide range of examples prevents students from forming misconceptions and gives studenisa -
more complete understanding of what a fraction represents.

In a carefully controlled experiment, Cainine (1980) demonstratec how a limited range of
examples can cause students to form misconceptions. The instructional task vzas to write hun-
dredths fractions as decimals. One group of students was presented with a wide range of examples,
with numerators of one, two or three digits (e.g., 185/100, 2/100, 75/100). The othie. group was
presented with a limited rangé of examyles; all numerators comprised of two digits (e.g., 28/100,
84/100, 55/100). Carnine hypothesized that students in the limited ranige group would learn the
misconception that the decimal point is always placed directly in front of the digits in the numerator
(i.e., 47100 = .4, 185/100 = .185). His prediction that these students would not be able to generalize
toother examples was verified. Studentsin the limited range groups scored 0% and 7% respectively
on the problem types X/100, XXX/100 on the immiediate postiest. Studenits who had receved the
full range of examples scored 89% and 93% respectively. -

Easily Confused Labels. When highly similar terms (e.g., the terms numerator and denom.
inator) are introduced at the same time, there is an increased iikelihood that students will become
confused. In the basal program, the terms numerator- and denominator were introduced in the
same lesson. In subsequent fraction examples; the téachér refersed to the terms numerator and
denominator, and the labels appeared on some worksheets, but no systematic teaching ensured
that students could successfully apply the libels io the appropriate parts of a fraction.

In the Mastering Fractions program, the tesms hurrierator and denominator were separated by
several lessons; so that students were facile with one-label before the other, similar label was -
introduced. This procedure decreases the likelihood that students will become confused and make
reversals.

Explicit Strategy T . . :
In the basal procram, students are not always given an explicit strategy to soive a problem.
This could lead to student misunderstandings. Equivalent fractions serve as an example. In the firsi

S
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set of basal exercises, pictures of the two equivalent fractions, and three of the four fraction
numbers are given; the students count t_he number of shaded parts to complete the problem:«

29D

Students can write the fourth number and complete the equation without understanding ¢quiva
lent fractions. The students count the shaded parts and write the numerator. In the final st of
exercises given that day, the pictures are removed.

a .
=z T

The student workbook states, “You may draw a picture to help you.” At least some students
will not be sure how many parts todraw or shade; unless, of course, they already know how towrite
3/4 as 6/8. . .

In Mastering Fractions, the strategy for equivalent fractions emphasizes this rule: when you
multiply by one you don't change the value. When a fraction is multiplied by a fraction equal toune. -
the original fraction is equivalent to the new fraction; i.e.,

1 x1 o
2 =z
1 x4 o 4
R 3
o IR
2 []

With this conceptual basis for equivalent fractions, students are introduced to the strateqy fos
determining the missing number when given a problem; e.g., 2/3 = %/6. First, students identuy the
fraction of one they multiply 2/3 by, so as to end up with 6ths in the denominator. The denanmaton
of the fraction inside the parenthesis is 2, so the fraction equaltoone is 2/2:2/3x(2/2) - 2,6 Thu~.
the missing numerator is 4: 2/3 = 4/6.

iXameenui, Carnine, Darch and Stein (1986) compared a basal approach to mtroducing
fractions with a strategy-based approach similar to that found in the Mastening Fractions curricu
lum. For the exphicit rule-based strategy group, the teacher demonstrated concepts and skills i
step-by-step fashion. Teacher guidance was gradually and systematically faded until students wers:
performing independently. Correction procedures directed students to the explicit mstruction
they had received. in contrast, the basal approach was much less structured, Emphasis was placed
on activities using student discussion and the use of manipulatives. Students in the explicit stratege -
group performed significantly higher on a criterion-referenced posttest and on a transfer test of %7
related fractions skills.




10 . Videodisc Instruction

Method

A study was conducted to determine whether the instructional design features incorporated
into the videodisc program would have a significant effect on student performance. The study
compared the relative effects of Mastering Fractions and a traditional basal program on student
acquisition of skills in a unit on fractions. Classroom behaviors known t0 be correlates of learning
(academic engagement and successrateduringthe lesson) were also measured and an analysis of
students’ error pattems was made. Student attitudes were also assessed, and information un
obtained levels of implementation were recorded. -

Many factors that research has identified as components of effective teaching (Brophy &
Good, 1986) were constant across the two conditions: e.g., daily feedback on independent
assignments, guided practice prior to independent work, uninterrupted successful practice. and
quantity of review. The major differences between the two conditions were the range and sequetic
ing of the instructional examples.

Subjects

Prior to training, subjects fromtwo high school math classes were screened for: (a) mastery ol
the preskills necessary to learn basic fraction comcptsgndopera!iom. and (b} prior knowledge ot
the specific skills to be taught. Two classes, both containing mmtmmed students, participated
in the study. One of the classes was a remedial math.class containing 22 students. Eleven were
classified as learning-disabled (LD) ninth and tenth graders; the remaining 11 students were not
classified as handicapped. The other general math class contained 12 ninth graders in need ul
remedial math, along with six ninth-, tenth-, and eleventh-grade LD students. Students were
classified as LD basedon the State of Oregon recommendations. That is, any student sconng more
than three years belcwv grade level on two different standardized tests in the same skill arca
qualified for an individu slized education program, and met the criterion for the Learning Disabled
classification.

in each classroom, qualifying students were randomly assigned to the basal text (BT) or
interactive videodisc (V) treatment. This resulted in four ineiructional groups. in the remedial
class, nine students were assigned to each treaiment. In the general math class, eight studenis
were assigned to each treatment.

Out of 34 subjects, only 28 completed the study and took the posttest; 26 students took the
maintenance test. Subject attrition ted from ,avarigtyo(souma;ﬁvestydentswere absent fur
more than 50% of the intervention days, and one student had recently arrived from Asia with
insufficient language skilis to benefit from the instruction. One student could not take the mam
tenance test as he wasin adetentioncenter at the time of test administration. Another student was
found to have cheatedon thetest, sohisscorewnoti\chdedimhe maintenance test data. Table
] shows the number of subjects qualifying in each group who completed the study.

Vable 1
deBhFo.me‘

_ Dietribution of Sebjectainthe PO EEE e T

Class
Treatment Mﬁlﬁ\ ' General Math Totul
Basal 8 8 16
Videodisc 7 5 12

*Fve studerds were deopped due (O excestve abunfc.

.
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Measures

Preskills Screening Test )

A screening test, developed by the experimenter, was administered to ensure that students
had mastered the requisite whole number skills for a unit in fractions (i.e., facility with basic
addition, subtraction, and multiplication facts). The first part of the test comprised tenof the more
difficult facts. All students who were tested achieved at least 80% and ‘were eligible for the study
based on this criterion. :

The second part of the screening test was criterion-referenced to the skills to be taught in the
fractions unit. Students who scored above 50% on this part were ineligible for the study. Ten
students were excluded based on this criterion. Eligible subjects were grouped in pairs, matchedon
lotal math scores from the California Achievement Test (CAT) and on pretest scores. Individual
students wit 1in each pair were then randomly assigned to the two treatment conditions. Themean
scores on a G-item pretest for the videodisc-and basal groups were 2.4\(SD = 1.16) and 2.1
(SD = .90), respectively. There were no significant differences tietween the groups. Mean scaled
scores (expanded standard scores) on the CAT were 511 for the videodisc students and 504 for the
basal students. Standard deviations were 56.25 and 60.6, respectively Again, these differences
were not significant. The mean scale scoves corresponded to percentile score equivalents of 29th
percentile and 26th percentile respectively. (CAT scores were riot available for ali students; N= 10
for the IV group, N = 14 for the 3T group.)

Measures of Achievement

The principal measure for the study was a criterion-referenced test (CRT) developed by the -

experimenter. Two parallel forms were developed as a posttest and a two-week maintenance iest
The test included the following skills, taught in-both the IV and BT conditions: writing fractions

from pictures, vocabulary (e.g., denominator), addition and subtraction of fractions with like

denominators, rultiplication of fractions, and multipication of a fraction and a whole number.
ReliabiZty and Item Analysis. Field test versions of the CRT weregiven to thirty fourth- and
hifth-graders who had had some fractions instruction. Intemmal consistency reliability was assessed
for each form; coelficient alpha reliability was .98 for post and .98 for maintenance. Alterna:e form
reehability was also evaluated; the Pearson correlation coefficient between the two forms was

Measuses of Classroom Variables

Two classroom variables associated with higher student achiew;cmem are (a) total ime
students are actively engaged in instructional activities; time ‘on task’ (Rosenshine, 1983) and

(b) student success rate while doing independent seatwork (Fisher et al., 1980).

Active Engagement. An observational recording form was designed to measure the extent
1o which students were actively engaged duringinstruction. Each group of students was observed
either three or four times during the study. Student béhaviors were recorded with a six-second
momentary time sampling procedure. ‘On-task’ behaviors included answering questions, writing,
and watching the teacher or the monitor during the lessor presentation. Behaviors recorded as
‘off-task’ included gazing out of the window, sleeping, or chalting to another student. Other
behaviors (e.g., passing out papers, waiting for téacher assistance) weré recorded a3 transitiona)
activities. Observers recorded all on-task behaviors as plus (+), all off-task behaviors asa minus(-),
and all transitional activities as a zero. Thiis it was possible to determine the: proportion of
instructional time spent in each the three behavior categories fo\;,each of the two conditions.

Success Riite. 5tudents’ inod’epzndcnt seatwork was collécted at the end of four observation
lessons. The percent of problems attempted and the percent that were successfully completed was
calculated.
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12 ’ Videodisc Instruction

Measures of Implementation

Implementation checklists were used to identify those elements of the teaching models that
were consistently implemented and those implemented at lower levels. The checklists were similar
to the form developed by Good, Grouws & Ebmeier (1983). All items on the checklists were
operationally defined. Below are two sample items that were applicable to both instructional
models.

YES NO NA

1) Did theteacher award points for independent work doneon
the previous day?

n)  Did the teacher airculate duning independent work reinforc-
ing appropnate behavior?

items relating specifically to the IV modei (e.g., whether the teacher checked student perfor
mance at the specified points in the lzsson, or administered a daily review quiz) were developxad
using the videodisc teacher’s guide. Items applicable only to the basal text method (e.g., whietlinn
the teacher provided an opportunity to use manipulatives, or whether the teacher supphied -
examples in addition to those presented in the text) were developed using the basal text teachet
presentation book. Each item scored in the ‘yes’ category by the observer was tallied, and the
percent of total checks possible was calculated for each lesson observed.

Measures of Student Attt des

A questionnaire was developed, based on the work of Fennema and Sherman (1976)
Students were asked their opinion on a 3-point scale in response to a series of statements that
related to students’ evaluation of their math ability and of the relevanceof fractions for daily hic. For
instance,

1. 1 think I could handle more difficuit fractions.
2. Learning fractions is a waste of time.

ltems were read to students one at a time and the question asked, “Is this true for you? *Students
responded to each item with: Yes, No or Don't Know.

Materials

Interactive Videodisc ‘

The materials required for implementation of the IV fractions curriculum were: a videodisc
player, the videodiscs, consumable student worksheets and teacher answer keys.

Lesson Format. Each videodisc lesson took approximately 30 minutes to complete. Lessons
typically began with a brief quiz covering the essential skillsintroduced in the previous lesson. The
lesson presentation followed next—an explanation followed by written ‘problems for cacts of
several skills. After completing the lesson, students were assigned independent probles o
seatwork. The worksheets comprised 20 to 40items, includinga variety of skills that students hacd
learned thus far.

Unit Mastery Tests. In the IV curriculum, every fifth lesson was a test. Teachers used the
tests to determine whether a review of particular skills was necessary from any of the four lessons

preceding the test lesson.

Basal Text Py

The materials required for implementation of the BT fractions curriculum were: a teacher
presentation book (with ahswer keys), student textbooks and consumable worksheets. In some %
lessons, manipulatives were also used, e.g., paper strips ot fraction pie models.
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Leseon Format. Each 30-minute lesson wadesigned to teach a single objective. Each lussun
began with an introduction, in which the teacher .ised discussion and demonstrations to develop
ideas. Next, the teacher guided students through several examples in the student textbook before
assigning in-class problems. After completing the lesson, follow-up activities, usually involving
manipulatives, were used to consolidate the concept developed in the lésson. Students were then
assigned independent problems for seatwork. The worksheets comprise 20-40items focusing un
the student objective introduced that day.

Review and Unit Tests. Review tests were provided at the end of the unit, sampling each of
the major skills and concepts that had been introduced. Teachers used the results of the review
test to reteach concepts and skills that students had not mastered. The unit test was pre.ented the
next day. The review and unit tests sampled the same skills in the same order, and had o
standardized test format.

Procedures

Teachers were the experimenter and a research assistant from the University of Oreyon.
Each teacher 1aught one condition for one-half of the study, then changed conditions for the
remainder of the study, to minimize teacher-student effects.

Monitoring Implementation

The teachers were.observed on four.occasions to assess the level of implementation in cach
classroom. Teachers received specific feedback on their performance, using the Implementatics:
Checklist (discussed under Measures). Throughout the study, teachers discussed any problems
associated with the implementation of the two approaches.

Observers

Two trained observers recorded students’ time on-task and percent correct responses on
independent worksheets, on three or four occasions fotr each group of students. Before colle ting
the experimental data, the observer practiced using the instruments until inter-observer rehability
exceeded 85 percent.

Administration of Measures
Criterion-referenced tests were administered to all students participating in the study imme
diately following the completion of the unit (posttest), and two weeks after completion of the umi
(mainienance test). , ‘ .
Students’ on-task behavior and success rate, and levels of implementation were measured on
the second, fourth, seventh and ninth days of the intervention. The experimenter conducied
student attitude surveys before and after completion of the study.

Results

The primary dependent vaniable was student performance onthe 12-item criterion referei el
test (post and maintenance). A 2 x 2 analysis of variance (ANOVA) was performed on he CRI
scores. The between-subjects factor was the instructional method (videodisc vs. basal text); the
within-subjects (repeated) factor was the time of test (post and maintenance). Significant imamn
effects were found for the instructional method [F = 17.28, p < .001] and for the time of test {F-
4.53, p < .05]. Figure 1 graphically depicts the mean scores for students in each condition un the
posttest and maintenance test. Table 2 presents the descriptive statistics for the companison
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14 ) . . Videodisc Instruction

Students in the videodisc and basal conditions were on-task 96% and 84% respectively of the
totalinstructional time during observation periods. A Mann Whitney U Test indicated a significant
difference between the two conditions (U= 3.5, p < .005). Students’ performance on independent
seatwork was 96% correct for the BT grovp and 91% correct for the IV group. - O

Levels of implementation were extremely high in both conditions; 93% of the pcssible imple B
mentation behaviors were observedin the BT condition, and 92% in the IV condition. The wtem that ”
was weakest in both conditions referred to the teacher awarding points for the previous day's
independent work.

100
90 . -

80
O~
70 ~L]

60 interactive Videodisc
50 O Basal Text

POST MAINT
Figure 1. Mean Percent Correct Scores on the Post and Maintenance Tests for
interactive Videodiec and Basel Trestments.

Toble2
Means, Standerd Duvistion, and Maan Percent Correct Scores
on the Postiest and Maintenancs Test
Posttest Maintenance Tes!
Instructional Method N M SD M% N M SD My
interactive Videodisc 12 114 1.0 95.1 12 113 1.4 938
Basal Text 14 9.5 23 7.1 14 84 1.9 702

Responses from the student questionnaires were summarized and assigned a score ranging
from -1 (all negative responses) to +1 (all positive responses) for the students’ perception of
(a) their competence in working with fractions, and (b) the relevance of fractions for daily hfe
Students in both conditions made similar gains in perceived competence and relevance. Tl
results are summarized in Table 3.

An analysis of covariarice was performed, with pretest scores serving as the covariate. There
were no significant ditferences between the two instructional groups for either type of question
(abiiity or relevance). This includes no significant dilference in the change in attitude between the
two groups. Both groups showed growth in perceived competence. This parallels the observed
growth in skills as measured on the criterion-referencad test. Only trivial increase in percawved
relevance were found. &
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. : Toble 3
Mean Responces on Pru- and Post-Study Attitude Messures
of Perceived Competence In, and Kelovencs of Fractions

Type of Question Pres Post  _ TypeofQuestion  Pret Past-
Competence " Relevance
v .10 81 Y 48 87
BT -21 54 BT 15 36

Scores range from -1 (very negative) to +1 (very positive).

Discusslon

The results of the experiment suggest that the different instructional design fea uresin the two
curricula produced different levels of student mastery of the content covered. The students
receiving the videodisc curriculum scored significantly higher, both on.the criterion-referen o
posttest and on the maintenance test. The videodiac scores also dropped less dramatically over
time—a nonsignificant dre, of 1% compared to a drop of 7% for the basal text students.

While a significant difference was found between the two condii.ons for students’ on-task
behaviors, it should be noted that levels of on-task were highin both conditions. Students receiving

the basal lessons were well motivated and actively involved during the lessons. Similarly, studcnt -
success rates on independent worksheets were very highin both conditions: 96% and 91% coreect -

for the basal students and videodisc students, respectively. These findings imply that the instruc
tional quality of the IV curriculum (rather than other process variables) was largely responsible fr
the differences in student performance,

Patterns of student errors also conlirm the importance of the specific differences between the
programs. For example, a large proportion (75%) of students in the basal treatment made errors
when asked to write the fraction for a diagram representing a fraction greater than one. Given the

Y Y i

56% of the basal students wrote 5/6, even though all students could identify

@._

as 1/2. The inability of 75% basal text students to extrapolafe 10 fractions greater than viwe 1
predictable consequence of all exampies being less than or equal to one during the treatment
intervention. In contrast, only 8% of the videodisc students, who had be+n exposed to fractions
greater than one, exhibited this error on the postiest. This paraliels the results of the Camine study
(1980) cited eaclier. For further discussion on the relationship between student error patterns and
instructional design, see Kelly (1986).
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16 Videodisc Instruction

Videodisc Technology

The potential of videodisc techmlowinﬁnchmmliumits ability to assist the teactier
the consistent implementation of sound instructional procedures. The Mastering Fractions pre
gram takes advantage of the videodisc medium to demonstrate conc” =t clearly. For exanmple,
when equivalent fractions ace taught, students seea fraction on a balancw oeam. Theside with the -
fraction tips down. When an equivalent fraction is placed on the other side, the balance becumes
lwd.ﬁevﬁwmemmumﬁwmham.cmmm.

These procedures would be extremely labor intensive to achies using more traditional
methods. For example, in the Hasselbring et al. study (1986) cited earner, the preparation amil
organization of materials in the condition em:lating the Mastering Fractions program necessitat ed
the employment of a half-time teacher's aide.

Awelldemdprogtamcanalsoimprovethcqudityof instruction provided by less ¢ ombklent
teachers. The videodisc program can provide clear initial demonstrations and alsu provide tie
quent checks on student performance, helping teachers to diagnose student errors. Appropriaie

remediationptocedurcscanabobnpeciﬁdigadicmun,ptovidhstheteacberwithmnv_.m-.

for giving students hnmdhtecmeéthgck.hm.thevideodjsc presentation freves e -
teacher from demonstratingat the front of the classroom and enables the teacher tomuve annay’ ;‘_

the students, monitoring their

performance.
The most obvious disadvantage of the videodisc medium—as with any new technology sthe
cost. However, the cost of hardware has already dropped substantially. The discs are also fughlv -

durable. Surface scratches do not hinder the video or sound quality when the disc is ployed. Tl

quality of the disc Joes not deterionate over time, since the laser beam reads groaves that ledwhin

a heavy coating of plastic.
Presenting videodisc lessons to groups of students makes the technotogy even more attud

able.Thecombinedcosto!theme‘hammmhamm&m-mnm i~

approximately the same as two Apple microcomputers and oneor two inexpensive math software -

programs. If the videodisc is used five periods each day with classes of 20 students, one hundred

students are sered each day. In contrast, two microcomputers used for five periods exchdw _°

serve only ten students.

This study demonstrates how the interactive videodisc can facilitate the implementation ol
effective mathematics instruction. The capability of the videodisc medium to incorporat. inviith
tional design features, together withits <ost effectiveness, demonstratesits potential as a powertui

instructional tool.
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Quite commonly the differences between novices and experts are attri‘buted to
general intelligence, superior problam solving skills, or imagination (Larkin,
McDermott, Simon & Simon, 1980). A clcser examination of experts, however,
reveals something else. Recent work in cognitive science has underscored the
importance of subject area knowledge as a main factor that distinguishes novices
from experts. Chi (1978), Chase and Simon (1973), Jeffries, Turner, Polson, and
Atwood (1981) have conducted several interesting studies which indicate differences
in these knowlecige levels are mainly due to substantial practice, a thorough”
familiarity with the subject area, and a facile use of reliable strategies for solving
problems in the particular subject-area. Experts can rapidly retrieve .tems relevant .
to the problem at hand {Chase & Simon, 1973). As a result, experts soive problems
considerably faster and more accurately than novices. These studies show that the
primary difference is not innate ability, but expert's superior use of content specific
facts, concepts, and problem solving strategies - a state aﬁsing from instruction and
extensive practice or structured experience.

This research has considerable implications for special education, particularly
for mildly handicapped secondary students who need to learn more than just basic
skills. Some educators (e.g., Goodlad, 1983) note that these students, when
mainstreamed, are ¢.pected to graduate from high school with their non-
handicapped peers. Yet secondary special education instruction often amounts to
simple drill on elementary facts and concepts. Although automaticity in math facts,
for example, is important, these students also need to learn information that is more
inkeeping with what is taught at the secondary level. |f these students are to master
many of the same basic requirements as their non-handicapped peers, as some
educators have suggested (e.g., Meyen, Alley, Scannell, Harden, & Miller, 1982),
then they need to be taught complex concepts and probiem solving strategies as

well as elementary facts.
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This view is not intended to imply that mildly handicapped students wiil or
should become experts in a subject area. Rather, mastery or competence in spacific
knowledge - a less thorough, but adequate understanding of the ma‘erial - is a
more reasonable gnal. In essence, students need to be taught how think more
"effectively” about a subject area. Students should lex1 cure facts, concepts, and

rules at an automatic level and then use explicitly taught strategies to solve a range
of challenging problems.

Traching these skills involves well Jdesigned instruction within a specific content
area. Such instruction shouldthorougsily describe the different stages that lead the
mildly handicapped student from a novice state to a level of competence. A
description of this process, which is always guiged by the content as well as by .
instructional design principles, should detail how best to organiza ditferent kinds of
knowledge in a content area. This description should also include the
interrelationship between different kinds of knowledge (e.g., how knowledge of basic
facts and concspts relate to problem solving strategies) and the optimal means for
teaching each kind of knowledge. Some instructional designers (Case & Bereiter,
1984; Engelmann & Carnine, 1982) have already begun to articulate the many steps
that move a student toward competence in a subjer:t area.

For the last two years we have been studying the effects of CAl on mildly
handicapped secondary students. CAl was chosen because of its increasing
popularity in the schools and more importantly, because it is useful medium for
embedding and then testing many empirically based instructional design principles.
Our research has been conducted in three different areas: fact instruction in
vocabulary, concept instruction in eclementary logic, and problem solving in health
education. Each of these approaches represents a different level of teaching in the

novice to "competence” continuum.
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. not unreasonable to expect that many of these students could have gained this

As curricular approaches, the programs are designed to be tutorial or
compensatory (Deshler, Schumaker, Lenz & Ellis,1984). That is, the programs are
designed to either teach the student secondary level information in the quickest,
most effective means possible (e.g., vocabulary instruction) or the curricuium is
altered in such a fashion that students are taught comparable information in a
different way. Technology, when used selectively, can assist this process by
relieving teachers of time consuming, relatively low lave! teaching and, in some
cases, &s a way of conveying informatuon not easily presented by conventionai
means.

In our experimental studies, the major focus in the data analysis has been the
comparative performance of handicapped students randomly- assigned to various
experimental conditicns. However, we have also tested samples of non-
handicapped secondary students on the criterion referancad post test measures
used in the study. This quasi-experimental procedure was uséd in order to gauge
the progress of our experimental studants in becoming competent in a content area.

Our goal was for the subjects in the experimental treatment to a) surpass mildly

handicapped subjects in the comparison group aiid b) perform at a level similar to
non-.:andicapped student. Jon the skill.

The items contained in our measures are well within the range of typical
instruction at the secondary level. Where in some cases non-handicapped students Y

may not have been diractly taught the exact content prior to test administration (e.g.,

" a narticular vocabulary word or how to derive a conclusion from two premisas), it is

_knowledge on their own. Performance ievels of non-handicapped students were
significantly above a chance level of responding, enough to justify this assumption.
Insofar as the differences between the experimental groups and their non-

handicapped peers diminishes after instruction, we are better able to understand the
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combined effects of instructional design principles and technology on the acquisition
of domain specific knrowledge. Furthermore, we can judge the extent to which mildly
handicapped students are meeting basic academic requirements. What follows is a
descrintion of each program, the resuits of our quasi-experimental analyses with

normal high school students, and the impiications for knowledge development within

a specific content area.

Teaching Vocabulary: Instruction at the Fact Lavel

Teaching vocabulary is regarded as important instructional activity, particularly
as word knov.ledge is highly correlated with reading comprehension skills. In light of
this, many researchers (Anderson & Freebody, 1981; Pearson & Gallagher, 1983;
Tierney & Cunninghat.1,1984) have looked for effective ways to teach vocabulary.
Unfortunately, those methods which were most successful also required a
considerable amount of instructional time. For example, a study by Beck,'Perfetti,
and McKeown (1982) attempted to teach only 104 words in 75 thirty-minute lessons.
At the end of the study, students knew an average of 85 words that they did not know
prior to the program, but this took 2,250 minutes of instruction or approximately 26
minutes per word. This amount of sme is considerably more than that typically
devoted to vocabulary instruction in the middie grades {Durkin, 1979; Roser & Juel,
1981).

Computer assisted instruction, it would appear, offers the advantage of
increasing instructional time on such a low level task without placing increased
demands on 2 teacher's already limited time. Students should be able to master the
words more effectively if they are given extra practice on difficult words and
cumulative review throughout the program. In the end, it is hoped that this
knowledge will be used later in reading and writing activities.

We compared two methods of computer assisted instruction (CAl) for teaching
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vocabulary to mildly handicapped secondary students (Johnson, Carnine, & Gersten,
1986). The study examined the impact of two instructional design variables: the
effect of size of the teaching sets and provisions for daily and cumulative review on
the acquisition and maintenance of word meaning. Two CAl vocabulary programs
were used to present the same 50 words and deﬁnigions.

The experimental software program used in the study, the Small Teaching Set
program (Carnine, Rankin, & Granzin, 1984), begins by testing students on a set of
50 words. Lessons are created using only words student could not define on the
pretest. The program then provides instruction on a "teaching set" of no more than
three new words. After initial instruction, these -words are then added-to a “practice
set” consisting of a maximum of seven words. The student must meet a specific
mastery criterion on each word (i.e., two consecutively correct responses in each of
two lessons) before it is removed from the practice set. Once the student has
mastered ten words, the program tests the students on these words. Missed words
are placed in the practice set and retaught. Figure 1 is a visual representation of the
practice and review schedules embedded in the program. The figure shows how a
word moves from an initial test item through a practice set to a final cumulative
review lesson.

[Insert Figure 1 about herg]

The comparison orogram, the Large Teaching Set program, teaches words in
sets of 25 words (Davidson & Eckert, 1983). The student may choose to learn the
words in any of four types of formats: (a) a teaching display which shows the word,
its definition, and one example sentence; (b) a multiple choice quiz format; (c) an
exercise in which a definition is displayed and the student must spell the correct
missing word to complete a sentence; and (d) an arcade-type gama in which the
student matches words to their definitions. No cum'ative review format was

incorporated into the program.
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Comparative Performance of Mildly Handicapped Students

Twenty-four mildly handicapped high school students wera randomly assigned
to one of the two CAl programs. The same sat of 50 words were used in both
programs. Students worked individually on their assigned grogram 20 minutes a
day until they reached mastery. These words, 25 verbs and 25 adjectives, were
considered important by two secondary special education teachers.

Al students were given a 50 item, multiple choice test on the definitions as

soon as they achieved mastery (i.e., 90 perceni). Ten of the twelve subjects (83%) in -

the Small Teaching Set program met mastery criterion by the end of 11 sessions,

while this was true for only eight of the twelve subjeuts (67%) in the Large Teaching- -

Set program. The study was terminated after 11 sessions because the remaining
subjects were experiencing frustrations. The mean number of sessions to mastery
(for those who reached mastery) was 7.6 for those in the Small Teaching Set and 9.1
in the Large Teaching: Set program. Results of a {-test indicate this difference is
significant (p < .05). Hence, subjects in the Small Teaching Set program mastered
the 50 words in significantly less time. In addition, more students in the Small
Teaching Set program reaciied mastery within 11 lessons. Given that the groups
achieved equivalent leve!s of performance on the multiple-choice tests, their
difference in acquisition rates becomes even more meaningful. Subjects taught with
the Small Teaching Set program required less time to meet mastery critetion on the
words, yet their posttest performance was aqual to that of subjects in the other
treatment who took longer reaching mastery.
Comparison of Mildly Handicapped with Non-Handicapped Students

The same 50-item multiple choice vocabulary test was administered to a
sample of 30 non-handicapped 10th-grade students in a regular English class. As
Table 1 demonstrates, the posttest mean scores of the mildly handicapped subjects

were slightly higher than the non-handicapped students’ mean score. After a
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maximum of 11 sessions of computer-assisted vocabulary instruction, the
performance of mildly handicapped subjects on the multiple choice test was very
similar to that of non-handicapped 10th grade stt\qdants.

{Insert Table 1 about here]
\mplications for Soft Desi

Two issues arise from this study. First, the size of the teaching set and
schedules for review led to an significant difference in learning rates between the
two handicapped groups. Exampld set size and review schedules are comparatively
subtle instructional design principles, yet they are essential for tasks where a
considerable amount o! practice and memorization are required.

Second, a minor finding in the study had to do with the arcade-type game
contained in Large Teaching Set program. Duﬁng the study, some of the Small
Teaching Set students occasionally asked the experimenter why they didn't get to
play a game like the one in the other prograrr;. However, after the study, students in
the Small Teaching Set were askad what they specifically did not itke about the
program. Not one subject mentioned the lack of a computer game format.

This finding, though preliminary, is important for CAl software designers who
apparently believe that for educational software to be motivating, it must approximate
computer games that are popular in video arcades. Focusing on these kinds of
surface features -- rather than the instructional design onsiderations relevant to the
task -- may very well lead to software prog:ams that are insufficiently structured for

success.

Eiementary Logic: Instruction at the Concept Level
An understanding of elementary reasoning and logic typically precedes a
student's further training in analytic thinking. Once a student has a firm grounding in

basic reasoning skills, teachers are in a better position to show students how to spot
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faulty arguments, identify false conclusions, and detect unwarranted generslizations.
Zetlin and Bilsky (1980), however, suggest that educators create a salf-fulfilling
prophecy by not routinely teaching reasoning skills to special education students.
These students consistantly perform poorly on logica* problem solvir.g tasks (Spitz &
Borys, 1977) and as a censequencs, teachers often believe that these students
cannot be taught reasoning skills.

The Reasoning Skills program (Erngeimann, Carnine, & Coliins, 1983) was
designed to teach students to: a) to draw conclusions from two statements of
evidencs 2nd b) to determine whether a three-statement argument was logical or
illogical. The program taught students the three gossible key words (some, ail; ng) - - .
that can begin any statement in an argument; their relationship to inclusive,
overlapping and non-overlapping classes; and relevang rules for constructing
argurnaents. Si-dents were also taught to identify unsound arguments by citing one
of three reasons (e.g., inappropriate key word in the conc!usién. the appropriate
class size is not named in the conclusion).

The major strength of the Reasoning Skills program is the teaching of an
explicit, step-by-step strategy based on a series of carefully controlied rules. Figure
2a represents the skill of drawing a conclusion from ‘wo statements of evidence.

This requires the sti:dent to first read the evidenice statements and check for key
words that begin each statement. On this basis, the studeitt is able to use a set of
rules to first determine the key word in the conclusion and next, to compiste the rest
of the conclusion based on an examination of the classes in the evidence.

[Insert Figure 21 about here]

Figure 2b portrays a more complex task: critiquing an argument. A student must
read both the evidence and conclusion and determine if the conclusior: follows from
the two evidence statements. To critique our argument, the student must consider

more features than when constructing a conclusion (e.g., implications of the key word
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in the conclusion for class membership and order in the evidence statements). Asin
the previous task, the student must look at key words and classes. How.aver, he or
she must now make this evaluaticn by using a set criteria((i.e.. the. mutltiple choice
iterns) that force the student to apply all previously learned knowledge about
arguments.
{Insert Figure 2t about here]

The advantage of the Reasoning Skills program over more traditional
introductions to elementary logic is that the pro.gram taaches concepts with a.
minimum of verbage. Concepts such as major and minor premises, middie terms,
distribution of terms, and subject and predicate distinctions -are-avoided.” Bvenr - °
further, th3 reflexive relationship between the statements of evidence (i.s., their order
or position can be interchanged with no effect on the conclusion) are demonstrated
in the program rather than the typical method where the mg]or premise is
conventionally written first (Black, 1952). For example, consider the argun ..,

All Franch presidents are ta_ald
Some socialists are baid.

it would be common for the major premise (All French presidents are bald) to appear
first, even though this is unnecessary. It is likely that students, particularly mildly
handicapped students, 'who continually see only this kind of ordering will have

difficulty drawing conclusions when the statements of evidence are reversed.

The main interest in our study was to examine the effects of different correction
procedures on two groups of remedial and mildly handicapped students (Collins,
Camiﬁe & Gersten, in press).  Thirty-four students were randomly assigned to one
of two groups: the Basic Cerrection or the Elaborated Correction group. When
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10
students in the Basic Correction group made an error, they were told the response
was incorrect and were provided the correct answer. When a student in the
Elaborated Correction group made a mistake, he or she was immediate'y corrected
and an explanation related the expiicit strategy that the student had learned earlier.
This was the only difiarence between the two conditions. In both conditions, students
worked individually on a microcomputer. Students werked on their respective
version of the program until they completed five lessons.

Student learning was measured on a criterion referenced test. The data

analysis indicated a significant difference favoring the Elaborated Corrections group

(R < .001) on both the immediate posttest and a maintenance test administered twe-..~ . -

weeks later. There was also a signilicant difference between the two groups on the
transfer test, again favoring the Elaborated Correction group (g < .05). The transfer
test used arguments embedded in prose passages.

The two groups took roughly an equivalent amount o. .ime to compléte the five
lessons, indicating the extra time required to read the elaborated corrections may have
been compensated for by faster acquisition of the matedal. This interpretation
suggests that taking more time early in a complex instructional sequence to offer
elaborated corrections may, in fact, lead to savings in instructional time later in a
program.

Comparative Performance of the Mildly Handicapped Students

Following this study, the program was revised and presented to another sample
of mildly handicapped secondary students. The Test of Formal Logic was also
administered to three non-handicagped groups: a tenth grade honors class, a
college leve! logic class, and college level education students. Table 2 shows the
ANOVA results Part 1 of the Formal Logic Test. This section of the test measured the
students’ ability to identify the key word in the conclusion and write the remainder of

the conclusion based on two evidence statements. Tukey post hoc comparisons
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showed only one significant difference between the fi'st three groups (i.s., the
instructed handicapped students, the honors class, the logic 'ass) and the
education students (R« .05). The education students from the university scored
significantly lower than the instructed handicapped students and the other two
groups.

{insert Table 2 about here]

Table 3 shows ANOVA results Part Il of the test. This section requires students
to determine whether or not an argument is faulty and if so, selact a reason. A Tukey
post hoc comparison showed a significant ditference between logic class and the
other throe groups (i.e., the handicapped, honors class, and education students) (p <
.05). There were nonsignificant differences between the last three groups. This
finding indicates that on sophisticated reasoning skills, only the university logic
students are competent. In contrast, ¢ the easier reasoning skills, all the groups are
comparable except for the lowsr performing university education students. Most
important, there were non-significant differences between the university logic class
and the high school hancicapped students on the easier reasoning skills.

{Irsert Table 3 about here]
Implications for Software Design

As previously described, the Reasoning Skills program contains several
instructional design features that allow the student to achieve competence in a
complex area of knowladge. Most important is a genaralizable strategy that applied
to all arguments except ones containing double negatives. Once we devised an
overall strategy, the program was divided into distinct components. Necessary skills
for each component were pretaught. For example, students were taught how to
ovaluate evidence statements to see if they were appropriate before they applied
rules for using key words in determining the logical soundness of the conclusion.

Each component was chained to the next one. As the learner moved from one
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component to the next, prompts were faded. That is, added instructional elements -
ones that would trigger the execution of a compor nt - were gradually removed.
For example, onice a student learned how to evaluate the appropriateness of
evidence statements they were prompted to look ut the first word i the conclusion.
Eventually, this prompt was iaded and instruction focused instead on the two classes
in the conclusion that follcwed the key word. introduction of new components and
prompt fading continued until all types of arguments (i.e., all. soma, ng) were
gradually integrated. Students were given discrimination praciioe between the
different tvpes of arguments for the remainiiig lessons in the program.

By minimizing the verbage traditionally-associated with the subject and
concentrating, instead, on class size, the studert is able to "reason” about
arguments. The program demonstrates that a CAl tutorial can teach these skills
without added teacher instruction. What is required is a carefu, preliminary analysis
of the content by a curriculum designer. The next stap, which has not been
completed yet, i~ to link the program to further instruction in reasoning and logic (e.g.,

analyzing longer arguments or detecting impropar ‘eneralizations in short
paragraphs).

Heaith Knowledga: Instruction in Problem Solving

Secondary students spend a considerable amount of thair time complet'ag
application-oriented activities. The~9 academic tasks often involve higher order
cognitive skills, and students are asked to make a variety of inferences abcut a
subject area by prudently using facts, concapts, and content related strategies or
problem solving skills. Some writars {Doob, 1972; Greenblat & Duke, 1975; Budott,
Thormanr., & Gras, 1984) have suggested that one way to enhance the higher order
skills of students is through educational simi*.ations. In addition, simulations have
been suggested as a way of increasing the participation of lower achieving and

ize
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13
inattentive students ( Farran, 1968; Boocock & Schild, 1968; Stembler, 1975 ).

One of our interests in studying simulations was to investigate how they could
be used to anhiance -- rather than replace -- secondary level instruction, not only in
terms of their aftect on basic fact and concépt retention, but as they related to
problem solving. We chose a health simulation because it was designed to foster
the acquisition of particular strategies. Health Ways was preceded by a tutorial
containing three simpler versions of the simulation profiles, each one slightly more
complex than the preceding one. This gradual progression from simple to éomplex
allowed aspects of an overall monitoring strategy to be introduced and practiced.
Health was also a good subject area because- it is rich in'facts and concepts.

Figure 3 gives a visual representation of the strategies the students needed to
use to succeed at Health Ways. Students monitor three separate strategies (i.e.,
prionitizing and changing bad habits, checking the stress level, and maintaining
heaith changes) through a monitoring or meta-strategy. While playing a Health
Ways game, the student first priori*izies and changes a bad heaith habit, moving
down through the tree until an appropriate action can be taken. I there is no curmrent
disease, he or she next looks at the hereditary diseases. If there is cne, a related
heaith habit (e.g., eating foods with too much sugar for a person with an hereditary
history of diabetes) is identified and the student attempts to change the habit through
the F8 "computer.” F8, assentially, simulates fate or chance. It displays four random
numbers, each between five and twenty-five. Number values are associated with
successful changes and the score on F8 determines whether or not the habit can be
changed.

[Insert Figure 3 about here]

Regardless of the success on the F8 game, the student must return to the upper

level of the the tree and move to the right to the check-stress- level strategy. Again,

the student descends in the tree, this time in the check-siress branch, to determine
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the appropriate action. Next, the student returns to the upper level, moves to the
maintain-health-changes strategy and, if necessary, descends in that branch. The
process of descending ana traversing the tree (i.e., going back to the far left once the
right most branch is checked) is repeated until the student succeeds or fails at

achieving the main goal (i.e., increasing expected age to winning age).

To measure the efiects of the simulation, thirty students were randomly
assigned to either the conventional or simulation condition. Direct instruction
techniques were used to teach a typical health curriculum to all students for 20
minutes per day for twelve days. This was the first part-of-each day’s lesson.

At the end of the initial instruction, students separated into two groups - one".
which worked on applicatic activities (the conventional group) and the other with
the computer simulation (the simulation group). The conventional group worked in
the resource room under the supervision of the resource room teacher, who
presented these students with a variety of application or review activities.

Simulation students, on the other hand, were taught in a computer lab, each
student working individually at a microcomputer. The twelve day course of
instruction for these students was broken into three phases: initial modeling (three
days), guided practice on three simulation games (two days), and independent
practice with individual feedback from the instructor (seven days). During the initial
modeling phase, students were taught an explicit strategy for using the simuliation.
The effects of appropriate and inappropriate strategies were demonstrated.

Students wers first shown how to prioritize health problems by using information they
had learned in the direct instruction portion of the lesson. As the researcher
demonstrated progressively more difficult games or profiles, students were shown
how to monitor and change two other variables: stress level and maintenance of

heaith changes. During the guided practice phase, students were then able to

-
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practice different strategies with feedback from the researcher.

Students were assessed one day, two days, and two weeks following the
instruction. On the first day, student's acquisition of basic facts ang concepts about
health taught in the curriculum was measured by the Nutrition an;! Disease Test.
The first 20 questions of this test were solely from the written curriculum. The
remaining 10 covered material that appeared in buih the written curriculum and the
Health Ways simulation. Internal consistency reliability (coefficient aipha) of this
measure is .84. On the second day, the students were given the Health Diagnosis
Test, an individually administered test that measured prioritizing skills. This test was
a set of three written profiles and measured heaith related problem solving skills. (i.e.,
the student's ability to detect important health problems.facing an individual,-identify
and change related heaith habits, and control stress as it increased due $0 the heaith
changes). The Health Diagnosis Test has a test - retest reliabiiity of .81. Two weeks
after the instruction the students were again given the Nutrition and Disease Test.
This served as a retention measure.

The 30 item Nutrition and Disease test was broken into two subscales: (a) items
reinforced by the Health Ways simulation, and (b) items taught in the curriculum and
not reinforced by the simulation. The effect on items reinforced by Health Ways was
significant ( < .01) and nonsignificant for those items not reinforced (p < .06). This
indicates that the simulation was an effective vehicle for reviewing matenal that had
already been taught in the written curricuium.

t-tests performed on the Diagnosis Test demonstrate a significant difference
between the two groups (p < .001) in problem solving skills. Simulation students

were better able to diagnose health problems, prioritize them as to their effects on an

individual's longevity, and prescribe appropriate remedies.
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A one way analysis of variance (ANOVA) compared the test performance of the
conventional and simulation groups with a random selection of students from regular
health classes who did not participate in the study. Again, scores fro: each section
of the Health Ways Nutrition and Disease Test and the Health Ways Diagnosis Test
were analyzed. Table 4 shows a significant difference between the three groups on
the Diagnosis Test (p <.001). A Tukey post-hoc comparison indicated significant
differences between the handicapped simulation students and those in the reqular
classroom (p <.01) as well as a significant difference between the regular
classroom students and the mildly handicapped students in the conventional group: - s
(R <.01).

A significant difference also agpeared between the groups on the reinforced
subscale of the Nutrition and Disease Test (p < .01). Tukey post-hoc comparison
showed a significant difference between the mildly handicapped simulation group
and the two other groups (g < .05), favoring the handicapped students taught by
Health Ways, but no difference on items not reinforced.

We infer from the results that a combination of diract instruction in basic facts
and concepts with a computer simu!ation was successful in teaching problem solving
in a content area. Further, the superior performance by those in the simulation group
over non-handicapped students from regular health classes shows that this kind of
problem solving is by no means an automatic by-product of regular high school
instruction. Instead, teaching competence in health requires a careful orchestration
and integration of facts, concepts, and strategies. .
\mglications for Soft Dasian

The success of the Health Ways study was a direct product of a careful analysis
of simuiation interventions. As Figure 3 indicates, a student must use many skills. In

order to execute appropriate actions, a student must have a firm grasp of beth facts
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(e.g., what is cholesterol? What disease is related to cholesterol?) and strategies

(e.g., The stress level is going up and | haven't changed an important bad habit yet.

What do 1 do?). In such a network of information is is easy for a student to act in
many ways that iead to serious errors. For mildly handicapped students, the effect of
this is usually frustration and a failure to learﬁ anything from the simulation.

This is why an explicit strategy is essential. As with Reasoning Skills,
components of the strategy are progressively introduced and then chainéed together.
Here, students first learned about prioritiiing and then wer. prompted to execute
specific actions under certain conditions (e.g., The character's current disease is

lung cancer. What related habit should you look at?- Does alcohol have anything to -

do with lung cancer? Does smoking?). When the next component (i.e., stress
management) was intrcduced, prompts for students for prioritizing were gradually
faded. The fading, which lasted through the guided practice phase, allowed students
to maintain a high level of success while learning essential skills.

Integrating software with traditional curriculum and using an explicit strategy for
using the simulation had a very significant effact on problem solving ability and
hence, student competencs in the content area. In health, as with many science and
social studies areas, there are wide range of goals, many of which are discretionary.
This study shows that both the curriculum and the software can be adapted to mieet
important instructional goals, ones that lead to increased compatence in the subject
matter.

Finally, linking traditional practices to computer instruction allows for the optimal
use of each medium. Group instruction is an efficient way of teaching and firming
basic fact and concept knowledge. It is particuiarly appealing where schools only
provide enough computers for an entire class in a computer lab. With the high
demand placed on labs, computer time must be used judiciously. In this study,
Health Ways was used to teach problem solving skills that could not be easily be

17
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demonstrated by conventional means. Thus, computer use was restricted to an area
where it optimized instruction.

Conclusions
The three studies suggest that instructional design principles and computer

technology can effectively work together in teaching mildly handicapped students to

think more eftectively about a conteit area. We believe that successful programs --

gither with or without the use of technology ~ begin with a careful analysis of i:now
best to teach the content. This requires an understanding of how different kinds of
knowledge in the content area are related as well as how the knowledge can be
effectively sequanced. From this content analysis,.an integral part of the instructional
design process, comes the use of empirically based principies for sequencing and
presenting the material. Finally, we consider whether or not technology is the most
efficient or optimal means of instruction.

The three studies reviewed above bear out this curriculum process. The ability
to define words is fact level knowledge that requires considerable practice. An
above average amount of practice is required for mildly handicapped students. To
increase the efficiency of this practice, an optimal example set size and cycles of
review were employed. Finally, we used a CAl program: incorporating these design
principles in orrder to relieve teachers of this time consuming and relatively low level
task.

In analyzing elementary reasoning skills (our example of concept teaching), we
'noted that traditional instruction often does not provide explicit, step-by-step
strategies and tends to be laden with too many terms and definitions. An elaborated
correction was used because the content was rule based.and thus, when studants
erred they were reminded of the procedure for deriving the answer.

Wae used a CAl program to test whether or not such knowledge could be
adeguately taught as a tutorial. Typically, CAl programs merely provide drill and
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practice exercises to supplement teacher instruction. Here the program was a true
tutoriai-- it did all the instructing.

Finally, our simulation instruction evolved out of an examination of problem
solving instruction. As with social studies, health is a discretionary content area,
allowing for various instructional goals. Typical health instruction often treats many
diseases and bad health habits in an indepth, but unditferentiated fashion. Thatis,-
students are rarely given the opportunity to comparatively examine. and prioritize the
relative impact of different habits on a particular individual's heredity and lifestyle.
Nor do they integrate the implications growing out of this prioritization with stress
management and maintenance of habit changes. .

By combining direct instruction in basic facts and concepts with an explicit
strategy for using a simulation, we were able to teach more advanced forms of
knowledge in health. The explicit strategy enabled the mildly handicapped students
to focus on the essential features of the simulation and not be misied by distracting
information. We chose the computer simulation because it allowed us to dynamicaily
display char.ges in the three main areas of each profile (i.e., prioritizing, stress
management, and maintenance). Each change had repercussions on all other
system variables, thus forcing the student to manipulate several factors at once.
Aithough it might have been possible to demonstrate these kinds of interactions
through other means (e.g., role playing, hoard games), we are convinced that a
computer is the optimal medium for demonstrating dynamic change.

It is tempting to try to infer too much from the resuits of the quasi-experimental
component of our studies. A truer reflection of the combined effects of instructional
design principies and technology would come from a series of aptitude treatment
interaction studies. It is worth noting, hov;ever, that our studies do give us some
indication of the effect of these two variables on mastery of material. Results of the
vocabulary study, for example, show that handicapped students achieved
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performance levels comparable to non-handicapped peers. This was a function, no
doubt, of increased and efficient practice as well as direct instruction in the material.
Furthermore, it is unlikely that the lack of ditference between the two populations was
due to some change in general intelligance or distractability.

Data from the logic study are even more compeliing. Significant differences on
Total Test show a superior knowledge of logic by the handicapped secondary
students over college leve!l education studénts. One might attribute this difference to
the general difficulty of the skill. But it is the nonsignificzint differences between the
college level logic students and the handicapped students that is the most importar:t
comparison.. These data indicate that mildly handicapped-students.can be taught - -.-
complex material to a level that is comparable to older, non-handicapped students
who have received different instruction over the same content.

The mildly handicapped students who received the health simulation scored
higher than both the handicapped control group and the non-hancicapped peers
from regular health classes on the problem solving measure. Admittedly, much‘ of
this difference can be attributed to specific instruction in this area; these skills are not
a ready by-product of typical health instruction. However, these are desirable
problem solving skills, as noted by three secondary health teachers who reviewed
the meacure. Furthermore, these skills reflect an above average level of
competence.

Wae base this comment on the performance of two non-hancicapped students
who were given the measure. Both students, rated by the teacher in a later
discussion as being two of the best students in the class, had the highest scores on
the Diagnosis Test. When asked by the researcher why they had completed the
exercises as they did, each s.tudent articulated a set of strategies th.at were fully
consistent with those contained in the explicit strategy. Thus, the handicapped

students in the simulation group were taught to use strategies highly comparable to
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ones used by the two non-handicapped studants. Performance by these two
situdents reveals an integration of health knowledge that is at a higher level than
most of their peers yet comparable to many of the handicapped students in tiie
simulation group.

Our results do not imply that a concentrated effort in instructional design and
technology will erase all differences between mildly handicapped and non-
handicapped students. There are simply too many other variables that account for
the difference between the two groups. Instead, by pushing the\sa two factors to the
forefront, we are better able to explore the limits of education for the mildly
handicapped in a far more precise manner. In doing this,.we-come closser to-. - .-
enabling secondary mildly hanJicappsd students to meeting the basic requirements
expected of their non-handicapped peers.

Technology enables us to present certain kinds of instruction (e.g., the dynamic
change in a heaith profile) in ways that we were incapable of doing in the past; the
consequence being an integration of traditional and technology based curriculum.
This point is critical. Software designers in the past have too often iooked at
technology based programs as stand alone products. Many times this has led to
peculiar developments -- to name formats that will hold the students attention or to
programs that are so broad (e.g., LOGO, Rocky's Boots) that the instructional goals
are neither clear nor easily accomplished. A better understanding of the application
of technology in special education is gradually emerging as it is linked to better

instructiona! design principles.
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Table 1

Comparison of Mildly Handica with Nonhandicapped Samples:
Multiple Cho:%epe\(}ombulary Test Pped Samp

Mean
Percent
Group Test n M SD_ Comect
Small Teaching Set  posttest 12 42.0 40 840

Large Teaching Set posttest 12 43.7 77 374

Nonhandicapped
Comparison (10th grade) - 26 40.3 49 806




Table 2

Part1 of the Formal Logic Test

Source

Between Groups 258.21 80.07 15.5 .00l
Within Groups 143 792.44 5.54
Total 146 1050.65




Source

Between Groups
Within Groups
Total

Table 3
Part II of the Formal Logic Test
D.E_Sum of Squares Mean Squares FRatio  p
3 1122 3741 449 .005

143 1190.18 8.32
146 1302.42

1497



Tacie 4

Means (M) and Standard Deviations (SD) for Thres Groups
N M SD
Nutrition and Disease Test:
Tortgi Score
Milély Handcapped Studears: .
Simuladon 15 22.00 3.72
Conventonal 15 17.93 5.86
Non-Handcapped Studeats: 15 19.47 4.94
Nutrition and Disease Test:
Items Reinforced by :
e &

Mildly Handicapped Studeats:

Simuladon 15 7.33 1.35
Conveadonal 15 5.60 2.20
Non-Handicapped Swdaats: 15 333 1.46

Health Ways Diagnosis Test:

Total Score

Mildly Handicapped Studeats:
Simulatgon 15 27.73 5.89
Convenronal 15 12.47 4.88
Non-Handicapped Students: 15 18.07 6.03
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FIGURE 1

Task: What does Abundart Mean?

O a) tied up
b) plentiful )

] ¢) to roam around @
Test Words: Student d) scarce :

Misses 'Abundant’ N l Test 10 Words
: I yes

@ THE PRACTICE SET

store with other no
words

10 Words
Mastered

increased Delay

Program Teacnes /_)\ )

Abundant and \ yes

Presents Task: .

Define Abundant Correct? XXX Define
K

no

Define
Define Define ‘ Abundant
Abundant Other Words

yes

Correct?

increased Review
on Abundant
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Figure 2a

Problem: All incisors are teeth
No teeth are muscies
O

Task 1: What will be the first word in the conclusion? (all, some, no)

Task 2: Write the conclusion on the line below.

< Read Evidence Statements >

some check all

£ key
N words

A\ 4

no

Kule : If an evidence statement begins with
no, the conclusion begins with no.

Qrite 'no’ for task D

Rule : Conciusions beginning with no must be
followed by the smallest class.

A

Rule : Complete the conclusion with the other
class named once in the evidence statements.

g

Write 'No Incisors are Muscles' fm




Figure 2b

Problem: Write the number below that best tells about this argument
1. The argumenf is sound
No metals are plants 2. The conclusion does not name the smallest class

All plants are living things

No metals are living things 3. The conclusion does not name the largest class

4. The conclusion does not begin with the right word

( Read the evidence smemen:s>
e ———

< Read the conclusion >

some check a

key word in
conclusion

WV

/N

no

Rule: If an evidence statement begins with NO, the conclusion
begins with NO

Rule: Conclusions Beginning with NO must be followed by the
smallest class




Practice and Change
Bad Health Habits

Figure 3

Goal: Increase the Expected A
to the Optimal Age &

Monitor 3 Variables
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