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Direct Instruction Conferences 1989

Orlando, Florida e June 19—21
Florida DI Conference

Chicago (Lisle), lllinois ¢ June 26—28
Third Midwest DI Institute

Lewes, Delaware e July 17—20
Fourth Atlantic Coast DI Conference

Houston, Texas e July 31—August 2
Texas DI Institute

Kalamazoo, Michigan e August 7—10
Kalamazoo Conference

Fugene, Oregon e August 7—11
15th Eugene DI Conference

Salt Lake City, Utah e August 14—18
Fourth Salt Lake City DI Institute

Lake Tahoe (Kings Beach), Nevada e August 21—23
: Second Lake Tahoe Conference

Reading, Pennsylvania e August 21—23
The Second Eastern Pennsylvania Conference on DI

Los Angeles, California e August 24—25
Los Angeles DI Conference

Tacoma, Washington ¢ August 28—30
FPuget Sound DI Conference

Training on Direct Instruction programs, techniques, and Mangagement
Systems. Trainers include program authors such as Zig Engelmann, Doug

Carnine, Wes Becker, Randy Sprick, Bob Dixon, Gary Johnson and many
others.

For a brochure on any of these Direct Instruction training opportunities write
or call ADI.
The Association for Direct Instruction
P.O. Box 10252
Eugene, OR 97440
(503) 485-1293
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- “We wish you a most happy and successful 1989!

Wes Becker and Staff
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Treas

urer’s Report

by Wes Becker

' Table1providesacomparisonof thefinancial status
of the Association for the past three years. The 87-88
fiscal year was the first year for which we have in-
curred a loss. This loss was due to our attempt to
expand our conference offerings to the Midwest and
Southern California. The Milwaukee conference pro-
vided the greatest lost, but has now led to a successful
conference in the Chicago area this past summer. We
are being more careful aboutnew undertakings thatdo
not have strong local support. Our most successful
annual conferences are now in Eugene and Salt Lake

City.

The handicapped preschool has grown and pro-
vided services to more children each year. Itamounts
to 2/3rds of our budget. Conferences are the next
biggest budget item. Income from membership con-
tinues to grow at a modest rate. We have some losses
from production of the ADI News that are picked up
by conference gains in most years.

“The increase in administrative expenses over the
past three years is due largely to the fact that we are
now paying for secretarial, accounting, and other man-
agement services that were previously donated by the
Engelmann-Becker Corporation. The free serviceshad
to be discontinued because the Corporation has not
been making a profit for the past two and half years.

We have a strong enough financial base to insure
our survival and to allow us to venture into activities
that are important to our Asscciation goals. &

Table 1. Treasurer's Report for Fiscal Year Ending June 30, 1988 Association for Direct Instruction

85-86 ° 86-87 87-88
Cash Balances $41,132 566,321 $51,783
Gain (Loss) for year $12,589 $25,189 ($14,539)
Income .
Handicapped preschool $162,417 $217,974 $245,063
Memberships $11,031 $13,442 $15,297
Booksales $13,981 514,318 $11,955
Conferences $37,004 $106,380 $97,946
Workshops — — $28,351
Other $21,426 $16,447 $4,700
Total Income $245,860 $368,561 $403,312
Expenses (Direct)
Preschool $166,270 $183,949 $212,326
ADI News and book cost 49,761 $31,880 $31,646
Conferences $42,218 $86,540 $104,239
Workshops — — $26,615
Other—e.g., Summer school $5,043 $7.586 —
Total Direct Expenses $223,292 $309,955 $374,826
Administrative Expenses $9,979 $33,417 $43,025
Percent of total expenses (4.5%) (10.8%) (11.5%)
$233,271 $417,851

TOTAL EXPENSES

$343,372

The Direct Instruction News is published
Fall, Winter, Spring and Summer, and is
distributed by mail to membersof the As-
sociation for Direct Instruction. Member-
shipand subscription information may be
found on the last page of this newsletter.
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by Wes Becker

- Atthe Annual Meeting of the Association for Direct
Instruction, held in conjunction with the 13th Annual
ADIEugene Conference in August, 1988, awards were
madein four areas: Excellence in Teaching, Excellence
in Supervision/Teacher Training, Excellence in Ad-
ministration, and Excellence in the Applications of
School Psychology to the needs of children.

Excellence in Teaching

The award for excellence in Teaching was pre-
sented by Ziggy Engelmann to Susan Dixon. This is
whathe said about her contributions to Direct Instruc-
tion:

“I know this person from way back when. In fact,
I worked with her husband before they were married
and her husband was concerned because she wasn’t
into DL He didn’t know what to do with her. She was
a good teacherand a very nice person, but a tradition-
alist. He didn’t know if this was going to impair their
relationship.

Well, it turned out that they indeed did get married
and with some reluctance she got modestly involved
with DI She taught at a school where we were super-
vising and she also worked with one of our trainers—
a lot. She did a lot of practice after she got into it.

She is sort of an ath-
letic buff. She runs and
doesthingslike that. This
one person said they run
a 10-minute mile. This
person would run with
them-—a ten-minute
mile—as though that was
her pace. Then, she would
run with an 8-minute
miler and she would do
the same 8 minutes as
though that were her
regular pace. That is the
impression she is capable
of giving. She is a very
nice,accommodating per-
son. Susan Dixon

As a teacher | have had the opportunity to see her
grow over the years. I have seen her grow from the
point that she wasmechanical inher presentationsand
she didn’t have all that much pizzazz or management
skills. She went from here to [llinois with her husband
and she got a job where they were trying to set up a
model school witha tough population. The school was
ina black area where there wasa high turnover. There
wasalotofelectricity in this school. Ithad the potential
to be a bad situation.

s for Excellence

They got a principal in there whe wanted to turn
things around and she needed aleader. ..a model who
was a solid citizen and who really knew how to teach
This person went in a did it.

She’s not the type who leads by saying ‘Come on
guys—Let's get organized here’. No, she does itall by
example and allin the same wayas whenshe runs with
different people: She’s sincere, she’s a super model
and one hell of a teacher.

Last time I was out there I saw her in her glory. She
had a group of not-easy-to-teach kidsin the Arithmetic
program. She had those guys—it was amazing. She
had me take over the group. Afterward, when I
compared my pacing with hers and what a klutzy job
Idid 1 knew how good she was.

So—she is a model teacher, a super person and for

all who have been associated her she has been a star.
She is now teaching at North Thurston School District
in Washington—Susan Dixon.” .

Excellence in Supervision/Teacher Training

The award for Excellence in Supervision/Teacher
Training was presented by Ziggy to Paul McKinney,
who had been one of our conference presentersand the
keynote speaker at the Annual Meeting. This is what
Ziggy had to say about Paul’s contributions:

“I kept hearing about
this guy. 1 kept hearing
‘you ought to go to this
guy’s workshops” and
‘yououghttoseethisguy
present’. Then, I kept
hearing ‘you oughtto see
this guy’s program in
New York, you really
ought to look at what's
going on.” Geoff Colvin,
who is really into man-
agement, went out there
to help with some behav-
ior problems. He
Paul McKinney couldn’t do anything for
thern because the had no behavior problems.

So, I kept hearing about this stuff and I finally got
out there and saw the program. I saw some really nice
stuff. I saw these kids that had been kicked out of
school in the the YMCA because couldn’t follow the
rules. Here these kids were——proud and smart—they
were behind in their academics, not so much because
they weren’t smart, but because they had missed so
much school. They were doing these videodisc pro-
grams and I thought there must be something wrong
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ADJ Annual Awards—cContinued

here. 1 saw 28 kids in a room for 12 and the still frames
came on. It said copy the problem and work the
answer. It took these kids 5 seconds to do it. I thought
thisisn't right. I walked around the roomand lo—they
had copied the problem and worked theanswer. They
were doing it! Then, I saw him work with some real
low performers.

Then, I figured out how this guy works--he is
extremely positive. Ihave neverseen himdownandI
have seen him in situations where you and I would be
down. He's up, he’s positive, he’ll go at it, he works
long hours, he works hard, he's one hell of a nice guy
~and his name is Paul McKinney.” .

Excellence in Administration

The award for excellence in Administration was
presented by Gary Johnson to Joel Davidson. This is
what Gary had to say in his presentation:

“For eleven years, Dr. Joel Davidson was Director
of Special Education, Washington School District,
Phoenix. As director, he recognized the efficacy of
Direct Instruction programs with spemal education
populations (LD, EMH, TMH) and in the mid 1970's
introduced DI programsin many special settings, start-
ing with DISTAR Reading I and II programs, the DIS-
TAR Language programs, and the DISTAR Arithmetic

-programs. Other programs wereimplemented as they
becameavailable, including Reading Mastery lHIand IV,
Corrective Reading (Decoding and Comprehension
Programs), Spelling Mastery, Expressive Writing, and
Your World of Facts.

Dr. Davidson also recognized the importance of
training in the use of Dl materials and brought on staff
Mada Kay Morehead, who for many years provided
staffdevelopmentin Dl programsalong with her other
dutes as a special education support person.

During the 1985-86 school year, Dr. Davidson sup-
ported a pilot of Reading Mastery in regular classrooms
at Mountain View School. The principal and instruc-
tional assistant were sent to the Eugene ADI Confer-
ence for training. During fall preservice sessions,
selected teachers were trained and then given follow-
up training provided by Mariam True of the San Diego
Follow Through Program. The program was so well-
received that the decision was made to use Reading
Mastery with all students the following year.

At the beginning of the 1986-87 school year, Dr.
Davidson became principal of Mountain View School.
He promoted the full-scale implementation of Direct

" Instruction programs in the building, including all

levels of Reading Mastery, DISTAR Language I, Correc-
tive Reading Decoding and Comprehension programs,
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Spelling Mastery, Expressive Writing, and Your World of
Facts. All teachers received preservice training. Some
teachers were sent to the ADI Conference in Salt Lake
City. Dr. Davidson hired a full-time teacher on special
assignment to provide initial and ongoing training
and to assist with this large implementation. Special
Education and Chapter I teachers were given regular
classrooms assignments, so that no class had more
than 25 students. At each grade level, one classroom
was designated “transitional” and was staffed by one
certified Special Education teacher and a full-time
aide. StudentsonIEP’s and other lower performingor
at-risk studentsreceived instruction in the transitional
clagsrooms, which had a maximum enrollment of 15
students. .

At the beginning of the second year (1987—88), Dr.
Davidson arranged for several teachers to attend the
ADI Conference in Newport Beach, California, and he
also attended sessions there. During the year, he
supported expansion of the use of D] programs in
other subject areas (spelling, writing).

If these enormous contributions were notenoughat
Mountain View School, Joel Davidson also replaced
the district’s “assertive discipline program” with a
school-wide classroom management program (Attitu-
dinal Transition Format, or ATF) that involves the use
of a point system, peer review, and parent participa-
tion. Overall school discipline improved dramatically

He increased the number of trained aides in class-
rooms while decreasing class sizes.

He opened the first Head Start program on the
north side of Phoenix.

Heopened one extended-day kindergarten (5 hour)
for identified at-risk students.

Hestarted an after-school “homework club” where
students have an opportunity to do homework with
guidance from a teacher, an aide, and other students.

He started a gardening program, run by a volun-
teer. Students raised vegetable crops.

" He started a woodshop program, the only such
program at an elementary school in the district. The
teacher teaches a Reading Mustery group in the morn-
ing, runs the shop program in the afternoon, and runs .
a hobby club after school.

He arranged for sixth-grade students to fly to Cat-
alina Island to attend a 3-day science institute. Funds
for the trip were raised through candy sales, rummage
sales, car washes, and other volunteer activities.

Dr. Joel Davidson is an outstanding candidate for
ADI’s Administrator of the Year award. He’s the best
school administrator I've ever worked with.”



Excellence in School Psychology

The award for Excellencein School Psychology was
presented to Mike Vreeland by Leslie Zoref. This is
what Leslie had to say in her presentation:

“The person receiving this award is distinguished
by the following facts:

* Hehasactually read Theoryof Instructionall the way
through.

* He knows the middle name and blrthday of every
DI trainer.

Annual Awards—continued

° Heknows how many motorcycles Zlg owns at any
given time.

For those of you who donot know him, I'm describ-
ing Mike Vreeland. Mike has been a school psycholo-
gist in Kalamazoo, Michigan for eleven years. He has
served as a trainer at all nine Kalamazoo (Western
Michigan University) Direct Instruction conferences.
He has been the coordinator of that conference for
three years. He has taught several classes on DI theory,
reading, and math at two local colleges.

Mike has boundless enthusiasm for Direct Instruc-
tion. Heis theleading proponentof DI strategiesin the
Kalamazoo Public Schools. There, he works with
teachers and administrators in both regular and spe-
cial education on instructional problems. Largely asa
result of Mike's doing, the role of School Psychologist
has been redefined to focus on instructional 1nterven—
tions rather than IQ) scores. :

The following example characterizes Mike’s dedi-
cation to teaching kids well:

His supervisor was getting complaints from other
teachers that their school psychologists were not pro-
viding them with the same practical services that Mike
was giving his teachers. The supervisors solution to
this problem was to tel! Mike that he couldn’t train his
teachers during the school day. Mike's response was
to provide the needed training after school. Mike is
dedicated to doing what’s best for kids. He is an
exceptional school psychologist. '

In closing, I might note that this is Mike's fifth trip

~ to the Eugene Conference. My question to Mike is,
“Are you firm yet?” &

Call for 1989 Award Nominations

Itis not too early to be thinking of your candidates for the 1989 Excellence Awards.
Awards may be made for teaching, supervision, administration, research, and other
service areas, such asschool psychology. If you have a candidate you wish to nomiinate,
write a letter documenting the contributions made by your candidate. Send your letter -

to:

Chair, Awards Committee
Association for Direct Instructon

. PO Box 10252
Eugene, OR. 97440
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| The Role of Prior | ‘(nowledge in | ,

~ Comprehension—A Test with LD Adolescents

by Vicki E. Snider*

Reader’s prior knowledge positively influences both-

the amount and type of information that is recalled
. {Anderson, Sprio, & Anderson, 1978; Gagne, Bell,
Weidemann, & Yarbrough, 1980; Pearson, Hansen &
Gordon, 1979;Steffensen, Joag-Dev, & Anderson, 1979).
Insufficient prior knowledgeor failure toactivate prior
‘knowledge when reading can interfere with reading
comprehension performance. (Langer, 1984; Pearson,
Hansen & Gordon, 1979; Taft & Leslie, 1985). Learning
disabled (L.D) students may be more likely than aver-
age students to have an impoverished knowledge-
base as a secondary result of their reading disability
(Snider & Tarver, 1987). Therefore, LD students may
beat risk for comprehension difficulties related to lack
of prior knowledge.

Chall’s (1983) five-stage model of reading develop-
ment provides a useful framework for viewing the
acquisition of reading skills throughout the school
years. The premise of this research rests upon Chall’s
stage model. During Stage 1, which typically occursin
first grade, children learn to use letter-sound relation-
ships to decode the printed word. Stage 2, which be-
gins in second and continues through third grade,
children gain fluency through practice. In Stage 3,
which begins at about fourth grade, children stop
“learning to read” and begin “reading to learn.” They
acquire a rich base of information and vocabulary
concepts by reading a wide variety of materials. In
high school most students enter Stage 4, in which
information froma variety of sources is compared and
evaluated. Stage 5 involves synthesis of information
and hypothesis formation that isrestricted to a specific
area of study at an advanced level.

Each stage is dependent on mastery of the previous
one. For example, accurate decoding (Stage 1) is
prerequisite to fluency (Stage 2). Both accuracy and
fluency are necessary for the acquisition of knowledge
in Stage 3. Stage 4 builds upon the knowledge ac-
quired in Stage 3. The acquisition of the highly special-
ized knowledge in Stage 5 is dependent upon the rich
base of information acquired in Stages 3 and 4.

The literature provides substantial documentation
of LD students’ decoding and fluency deficiencies in
Stage 1 and 2. LD students seem to experience diffi-
culty with several of the phonological aspects of lan-

*Reprinted with the permission of the author and ProEd. To be published
in Learning Disability Research Quarterly.
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guage which play an important role in the initial
acquisition of decoding skills—segmentation, blend-
ing, sequencing (Fox &Rouith, 1980; Liberman & Shank-
wetler, 1979; Stanovich, 1982). The ability to decode
both rapidly and accurately is a prerequisite to com-
prehension. Itis only when decoding becomes auto-
matic that attention is freed for higher level thinking
about the text (LaBerge & Samuels, 1974; Samuels,
1981; Stanovich, 1952). Rapid reading indicates that
automatic decoding has been attained.

Stage 4 deficiencies have also been indicated by
recent research with learning disabled students. Fail-
ure to use metacognitive strategies can interfere with
comprehension. Themetacognitive processes concern
the knowledge and control that a person has over his
orher own reading activities. Deficienciesin metacog-
nition, particularly comprehension monitoring, have
been observed among young and poor readers (Baker
& Brown, 1984; Owings, Peterson, Bransford, Morris,
& Stein, 1980). Thereis some evidence to suggest that
LD students are less apt than normal students to
monitor their comprehension while reading (Bos &
Filip, 1984; Kaufman, 1981). This is not surprising,
however, since young and poor readers must divert
more attention on decoding than on meaning.

Deficiencies in Stage 3, however, have been largely
overlooked. During Stage 3 children acquire much
background information and build vocabulary that
will facilitate comprehension throughout their lives.
An insufficient knowledge-base interferes with read-
ing comprehension because prior knowledge plays a
critical role in understanding higher-level concepts.
Difficulties with problem solving can often be attrib-
uted to an inadequate knowledge base (Glaser, 1984).
Students with learnihg problems often encounter dif-
ficulty with content area subjects because they don’t
have as much background information as their peers
(Hansen, 1984; Langer, 1984). Frequently, lack of
background information results in a misunderstand-
ing of the text (Nicholson, 1984). Because priorknowl-
edge influences what is understood from tests, two
individuals with differing levels of prior knowledge
would show differential comprehension of the same
text even though they might have comparable reason-
ing ability (Johnson, 1984). Due to the cumulative
effects of the initial decoding problem, LD studentsare
much more likely than average students to lack funda-
mental information and vocabulaty that are necessary
for comprehension (Snider & Tarver, 1987).



‘Reading Comprehension—continued

Reading comprehension' requires an interaction
between the text and the knowledge that the reader

-possesses. The type of information contained in a-

passage will determine, to some extent, the difficulty
of comprehension. Pearson and Johnson (1978) have
classified questions as textually explicit, textually
implicit, or scriptually implicit, depending on the type
of information contained in the passage. Textually
explicit questionsassess literal comprehensionand are
the easiest to answer since the information necessary
to answer the question is stated in the passage. Textu-
ally implicit questions assess inferential comprehen-
sion and are more difficult than textually explicit
questions. The mean for textually explicit questions is
significantly higher than the mean for textually im-
plicitquestions forallstudents, regardlessof theamount
of prior knowledge (Holmes, 1983; Pearson, Hanson,
& Gordon, 1979; Taft & Leslie, 1985). To answer
textually implicit questions, the reader must use infor-
mation stated in the paragraph in order to make an
inference. Scriptually implicit questions also assess
inferential comprehension; however the scriptually
- implicit are more difficult than the textually implicit
questions because the former require the reader to
make an inference based on prior knowledge (e.g., of
motives or intentions) (Taft & Leslie, 1985). The scrip-
tuaily implicit question cannot be answered simply
using information in the passage to makean inference;
prior knowledge is essential to making an appropriate
inference. '

Research indicates that students who are low ver-
sus highin prior knowledge either do notdifferin their
ability to answer textually explicit questions (Holmes,
1983) or the differences are small (Taft & Leslie, 1985).
However, the difference is greater for textually im-
plicit (Holmes, 1983) and greatest for.scriptually im-
plicit questions (Taft & Leslie, 1985). Holmes (1983)
has suggested that poor readers’ inability to answer
inferential questions of the textually implicit type is
due to a problem other than lack of prior knowledge.
Textually implicit questions should be answerable
using the information in the passage to make a deduc-
tion or induction.

Research results showing that poor readers’ per-
formance on textually implicit questions is inferior to
that of good readers has sometimes been inappropri-
ately generalized to learning disabled readers. Many
poor readers have lower-than-average 1('s, and thus,
might be expected to experience difficulties with
making deductions and inductions. Students with
learning disabilities, in contrast, are defined as those
whose achievement is low despite the fact that their IQ

is average. Because the LD student has average intel-
ligence, deductions and inductions may not pose the
same problem as they do for poor readers with lower-
than-average I(¥'s. Although IQ is a potentially con-
founding variable it has seldom been controlled in
comparisons of good and poor readers.

Another confounding variable that has too often
been ignored in research investigating the reading
comprehension problem of students with learning
disabilities is level of decoding skill—decoding accu-
racy and decoding speed or fluency. The net result of
this research limitation is that LD students have been
reported to be deficient in general comprehension
ability, whenin fact, their low performancein compre-
hension tests may have been due to inadequate decod-
ing. Whenboth1Q and decoding ability are controlled,
differences between students with low prior knowl-
edge and students with high prior knowledge should
be small on textually implicit questions.

This study was conducted in order to investigate
reading comprehension performance of junior high
school students with learning disabilities. The effects
of prior knowledge and type of reading passage were
examined. The following research questions were
asked:

1. Is there a difference in reading comprehension
performance of students who are high in prior knowl-
edge (experimental) and students who are low in prior
knowledge (control)? ‘

2. Is there a difference in reading comprehension
performance for passages that are textually explicit,
textually implicit, and scriptually implicit?

3. Is there an interaction between prior knowledge
and type of reading passage?

Methodoelogy

i

Subjects

The subjects in this study were junior high school
students who received parental permission to partici-
pate and who met the following criteria:

1. The students had been identified as learning
disabled according to state regulations and were par-
ticipating in a special education resource room pro-
gram. State guidelines are consistent with federal
criteria which require that LD students exhibit a sig-
nificant discrepancy between ability and school
achievementin oneormoreacademicareas. Addition-
ally, the discrepancy between ability and achievement
was not primarily the result of a visual, hearing, or
motor handicap, mental retardation, emotional distur-
bance, environmental, cultural, or economic dis-
advantage. -
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Reading Comprehension—Continued

2. The student had been predetermined .to have

-average intelligence. In order to verify the student’s

IQ, the most recent Wechsler Intelligence Scale for
Children—Revised (WISC-R) Full Scale IQ score was
obtained from the student psychological file. Students
with IQs below 85 were excluded. The mean IQ of the

experimental group was 98 with a range of 85 to 113
‘and a standard deviation of 9. The mean IQ of the

control group was 100 with arange of 87 to 114 and a

.standard deviation of 8.

3. The student had been predetermined to have
sufficient skill in decoding to easily read the passages
presented in this study. Adequate decoding was de-
fined as the ability to orally read at a beginning fourth
gradelevel at 120 words per minute with 95%accuracy

_in word recognition.

_ 4. The student had been predetermined to lack
information and vocabulary concepts pertinent to this
study. A score of less than 50% on an individually
administered curriculum-based test of prior knowl-
edge was the criteria for inclusion.

In this quasi-experimental study, no attempt was
made to randomly assign students to condition. Dur-
ing a pilot study, instructed students discussed what
they had learned with naive students. This repre-
sented a powerful confounding variable, therefore,

" students for the experimental group were drawn from

one school and students for the control group were
drawn from two different schools. All the participat-
ing schools were similar in terms of socioeconomic sta-
tus and all werelocated in the same mid western city of
about 100,000. _

Inorder to assure that the experimental and control
groups were equivalent, a {-test for independent
samples was conducted on potentially confounding
variables. As shown in Table 1, there were no signifi-
cant differences between groups on any variable ex-
cept reading rate on the test of decoding. This differ-
ence in rate was not accompanied by a difference in
accuracy and was biased in favor of the control group.

It should minimize rather than maximize the outcome.
Therefore, the difference was not perceived to be a
confounding factor. In addition, no differences in rate
were observed during the test of comprehension.

Procedures

Prior to the experimental intervention, a test of
decoding ability and a test of prior knowledge were
administered to LD studentsin three schools. Thirteen
students from School A, ten from School B, and three
from School Cmet thedecoding, prior knowledge, and
1Q criteria.

The instructional intervention was provided by the
author to 13 LD subjectsin School A. Studentsreceived
50 minutesof instruction every day for three weeks (13
school days). The resource room teacher who nor-
mally taught these studenfs was in the room and
assisted by correcting practice exercises and answer-
ing questions during independent practice. The 13
students in the control groups received the same
amount of instructional time with subject matter typi-
cal resource programs. Students read and answered
questionsaboutselected passages in Journeys—A Read-
ing and Literature Program (Smith & Schultz, 1982), a
literature anthology used in the regular language arts
program. Studentsin the control group also received
vocabulary instructiondrawn froma variety of sources
by the regular special education teachers.

Materials

Test of decoding ability. Decoding was assessed with
the placement test for Reading Mastery IV (Engelmann
& Hanner, 1983). This test was selected because the
passages to be tested were adapted from Reading
MasteryTlland [V, Students demonstrated fluency by
orally reading a 200 word passage in 100 seconds with
no more that ten errors. This is equivalent to reading
at 120 words per minute with 95% accuracy. :

Test of prior knowledge. The test of prior knowledge
was administered orally to individual students. ltwas

Table 1. Comparison of Means on Selected Variables Between the Instructed and Uninstructed Groups

Instructed Uninstructed

Mean SD Mean SD T-value
Age 14-3 1.06 14-2 1.06 -0.5573
Grade 7.92 76 8.00 91 2335
10 98.31 9.02 100.38 7.58 ) 0.6056
Rate ‘ 138.38 . 11.25 145.85 14.03 2.4978*
Errors 3.23 2.20 4.77 1.92 1.8969
Prior Knowledge 7.62 3.38 8.31 2.36 0.6065

*p<.05
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designed by the experimenter and included 24 open-
ended questions about topics that were assessed in the
comprehension passages, for example, “What do flies
eat?” An open-ended format was selected over a
multiple-choice format in order to minimize the risk of
guessing and of students learning from the test. The
curriculum-based assessment testconsisted of 24 items,
one question to assess the content of each of the 24
lessons in the instructional intervention. A pilotstudy
was conducted with 16 learning disabled students to
determine the suitability of items. Studentsin the pilot
study were given the test of prior knowledge and then
asked to complete the test of comprehension. Stu-
dents’ responses and comments were recorded and
later the experimenter questioned students about
confusing or unusual responses to particularitems. As
a result of the pilot study, ambiguous test items were
eliminated or clarified. For theactual study, the test of
prior knowledge was administered by an assistant
who was not familiar with the content of the curricula.
Answers were recorded verbatim and scored by both
the assistant and the experimenter. Percent of agree-
ment was 95%. -

Curriculum. Students who were assigned to the
experimental group received instruction that drew
heavily on the techniques and content of Direct In-
struction programs, specifically Comprehension B of the
Corrective Reading Program (Engelmann, et al., 1978)
and Reading Mastery (Engelmann & Hanner, 1983).
Reading material and worksheets were liberally
adapted from Reading Mastery 11T and IV. Each lesson
taught factual information or vocabulary about topics
assessed in the reading passages. One lesson was
constructed for each concept that was taught for a total
of 24 lessons. Each student received a workbook that
included expository passages about a topic and prac-
tice exercises. Each lesson consisted of three parts: (a)
a structured oral presentation of the information or
vocabulary, (b} application of the information as a
group, and (c) a written exercise designed to provide
independent practice with the newly acquired in-
formation. Review was also provided every eight
lessons in a Fact Game.

Test of comprehension. Twenty-four sets of passages
and questions were constructed to correspond with
the topics covered in each of the 24 instructional les-
sons. Each set consisted of three passages about the
same topic and one multiple-choice question. The
amount of information in each passage was manipu-
lated in order to make one passage textually explicit,
one textually implicit, and one scriptually implicit,
and one scriptually implicit. Students completed the
test on a computer under the supervision of an adult

assistant. The computer randomly selected passages
so that all students read eight textually explicit, eight
textually implicit, and eight scriptually implicit pas-
sages. Responses were stored in a data file on the
computer disc.

The passages were primarily short, fictional para-
graphs. The passages on the posttest did not directly
ask for information that was assessed on the pretest,
rather the need for that information was indirect. An
example is provided below. The target information in
the following exampile is the fact that a person must
return to the water surface slowly to avoid getting the
bends. The first paragraph is textually explicit, the
second is textually implicit, and the third is scriptually
implicit. .

1. Darla and Julie were scuba diving 40 meters
below the surface. Darla wasjustabout ready to signal
Julie that they should go to the surface. Suddenly Julie
turned around and pointed to her air hose. Julie was
not letting cut any bubbles. She was out of air! Darla
remembered that their scuba teacher told them.
“Remember, don’t go up too fast. Take at least two
minutes to go up, or you may get the bends.”

“I must catch her,” Darla thought to herself.

2. Darla and Julie were scuba diving 40 meters
below the surface. Darla was just aboutready tosignal
Julie that they should go to the surface. Suddenly, Julie
turned around and pointed to her air hose. Julie was
not letting out any bubbles. She was out of air! Julie
thought about what happened yesterday. Julie had
stopped once on the way to the surface. It took her 2
minutes. Darla had stopped twice on the way to the
surface. It took her 3 minutes. They both felt fine when
they got back to the boat. But Ann went to the surface
without stopping. It took her less than 1 minute Ann
got the bends

“I must catch her,” Darla thought to herself.

3. Darla and Julie were scuba diving 40 meters
below the surface. Darla was just about ready to signal
Julie that they should to to the surface. Suddenly Julie
turned around and pointed to her air hose. Julie was
not letting out any bubbles. She was out of air! Julie
pointed upand began smrnmmg toward thesurfaceto
herself,

“I must catch her,” Darla thought to herself.
Question: Why did Darla want to catch Julie?

A. Julie would get tired out.
B. Julie would get the bends.
C. Julie would get lost.

D. Julie would get the shakes.

Results
Thedesign of this study was 2 x 3 between-subject/
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within-subject with repeated measures. A split-plot
factorial analysis of variance yielded significant differ-
ences for both main effects (P<.01). The experimental
group was able to answer comprehension questions
with greater accuracy than the control group and
textually explicit questions were the easiest, followed
by textually implicit questions. Scriptually implicit
questions were the most difficult for all students. (See
Table 2). A post hoc analysis of pairwise contrasts
using the Scheffe procedure revealed that the differ-
ence between textually explicit questions was also
‘significant, however, the difference between textually
and scriptually implicit questions was not significant.

Table 2. Mean Effects by Experimental Groups
and Type of Passage.

" Types of Passage
Textually Textually Scriptually Average

Groups Explicit  Implicit  lmplicit
“Instructed 7.46 7.5 . 6.54 705
Uninstructed  6.69 562 4.62 5.64
Average 7.08 6.38 558

This study isolated prior knowledge from decod-
ing skill and intelligence and thereby demonstrated
theeffect of prior knowledge alone in reading compre-
hension. The control group members who werelowin

_prior knowledge had poor comprehension despite
fluent decoding and average intelligence. This sug-
gests that when and if adolescent LD students master
decoding skills, their reading woes are not behind
them. '

' For students with reading disabilities, Stage 3isa
watershed. Average students enter Stage 3 of their
reading development in about 4th grade (Chall, 1983)
and spend the next six or more years acquiring the
vocabulary and information that will enable them to

" demonstrate higher-level reading skills. In contrast,
LD students remain in Stages 1and 2, acquiring decod-
ing skills, well into adolescence. Because decoding is

"not automatic, LD students are unable to read as ex-
tensively as their peers during the upper elementary
years. Subsequently, they do not acquire the back-
ground knowledge thatis essential for comprehension
of high school texts. For these students, the following
educational modifications may be necessary:

1. For LD students who are still struggling with
decoding, information and vocabulary concepts
“must be supplied through non-reading channels.
Simply reading a text aloud to LD high school stu-
dents is not an effective strategy, since it will only
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benefit those who already have sufficient prior
knowledge. Thus, it is important to attempt to
ensure that a prior knowledge deficit is remedi-
ated as much as possible early in children’s school
careers, 1ot left unchecked until a student is in
high school. Furthermore, reading and content
instruction need not be separate. LD students will
benefit from an approach to reading instruction
thatintegrates information and vocabulary froma
wide variety of subject areas such as science, his-
tory and health. Such an integrated instructional
approach is sensible, not only because it maxi-
mizes the use of precious instructional time, but
because it is moreinteresting to students. Reading
Mastery (Engelmann & Hanner, 1983), for ex-
ample is a bottom-up basal reading program that
is rich in science and social studies concepts.

School demandsin terms of prior knowled ge must

be continually analyzed. Task analyses of curric-.

ula mustbeconducted to assess whatassumptions
aboutinformationand vocabulary havebeenmade
by the text. Based on analyses of the curricula,
modifications should be made to accormmodate
thelearner. New informationand vocabulary will
only become part of the student’s repertoire when
heor she has at least a partially developed schema
fora topic. The resource teacher canbe instrumen-
tal in assisting content area teachers in modifying
curricula.

The text can be altered to facilitate reading com-
prehension. Textually explicitquestions highlight
factual information and assist in acquisition of
new information. They can be used to help stu-
dents identify important information. Textbooks
may need to be modified to include information
that can be assessed by textually explicit ques-
tions.

Textually implicit questions require the student
to use information in the passage in order to make
an inference. Students who are fluent decoders
should receive practice with textually implicit
questions. Thisallows students toacquire new in-
formation and also provides practice ininferential
comprehension. The text can be structured to
maximize a student’s opportunity to use reason-
ing skills to acquire new information.

Scriptually implicit questions require the stu-
dent to activate and apply prior knowledge in
order to make an inference. Students who possess
the required prior knowledge would be encour-
aged toread passages containing information that
is assessed by a scriptually implicit questions.
Teachers can assure that students benefit from



Reading Comprehension—Continued —

practice with scriptually implicit questions by
preteaching important facts and vocabulary and

by helping students to activate prior knowledge

prior to reading the passage.

‘Summary

There are many interrelated factors that affect read-
ing comprehension and make it difficult to isolate and
study any single variable. The results of this study
suggest that some of these variables may be hierarchi-
cal. The instructional factors that should be stressed in
order to improve comprehension will vary depending
on a student’s stage of reading development. If a

‘student is not a fluent decoder, then decoding skills

must be stressed. If a student is able to decode, but
lacks prior knowledge, then exposure to background
knowledge and vocabulary must be provided. If the

student is a fluent decoder and appears to have ade--
-quate prior knowledge, then metacognitive strategies

may be appropriate. It is particularly important to
consider all stages of reading development when as-
sessing older students because decoding and prior
knowledge deficiencies, indicative of deficiencies at
earlier stage, may masquerade as metacognitive defi-
ciencies. In order to understand the reading difficul-
ties of LD adolescents, it is necessary to view reading
as a continuing process rather than a skill that is
mastered when decoding skills are mastered.

The findings of this study are encouraging because
they indicate that the information and vocabulary that
constitute prior knowledge can be successfully taught.
Good instructional design, such as that used in the
study, can help LD students cross the bridge from the
decoding stages of reading to the higher-level compre-
hension that is the essence of reading. ¢
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Teaching Literature Analysis to Low-Performers Using

Story Grammar and Scaffolded Instruction

by Russell Gersten ST
University of Oregon '
Joesph Dimino

Long Beach USD*

Reading and analyzing good literature enables
students to gain a richer perspective on their own life
. experiences and to enter new and different worlds.
Even for students with lower than average perform-
ance, these possibilities should be abundant, but they
are not {Oakes and Goodlad 1988). For example, the

reportbased onfindings of the National Assessmentof

Educational Progress, Who Reads Besf?, concluded the
“poor readers receive qualitatively different instruc-
tion,” compared to what good readers receive, and
that their teachers are “less likely to emphasize com-
prehension and critical thinking and more likely to
focus ondecoding strategies: (Applebeeetal. 1988, pp.
5-6). According to the report’s authors, these patterns
of differential instruction persist in high school.
Here we describe an approach for teaching literary
- analysis to at-risk secondary students that has been
empirically validated in three research studies. The
instructional method is based on two seemingly eso-
teric concepts, scaffolding and story grammar. It also
relies heavily on the body of research on effective
teachingprinciplesforlow-achievingstudents(Rosen—
shine 1986). ‘
Scaffolding is based on the work of the Russian
psychologist Vygotsky. It isan instructional process
that enables students to solve a problem or achieve a
goal they could not accomplish on their own. The
teacher concentrates on developing skills that are
emerging in the students’ repertoire, but thatareas yet
immature (Palinscar 1986). In scaffolded instruction,
the teacher often “thinks aloud,” explaining to stu-
dents in a step-by-step fashion how he or she reached
a specific conclusion. :
 Scaffolded instruction creates a shared language
between students and teachers, so that teachers can
provide useful, readily understood feedback to stu-
dents when they need prompts to overcome difficul-
ties (Gersten and Carnine 1986). There is a great deal
of dialogue between teacher and students. As soon as
possible, the students take over, and the role of the
teacher shifts to that of a coach, pushing students to
- express their thoughts onincreasingly complex issues.
Gradually, the temporary structure, or “scaffold,” is
removed, and students perform independently.

*Ta be published in Educational Leadership (February 1589)
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In order for teachers to “think aloud” and break
down the process of making complex inferences into
small steps, come consistent framework or structure
must be used. One framework that has been success-
fully used in reading instruction is call story grammiar,

Story Grammar

Story grammar evolved from work of cognitive
psychologists and anthropologists, who found that,
regardless of age or culture, when individuals relate
stories they have read or heard, their retellings follow
a set pattern. Story grammar refers to this pattern.
Children, even as young as age six, demonstrate rudi-
mentary story grammar and use their knowledge of
how stories are structured to help them remember
important details (Mandler and Johnson 1977).

Various researchers (Stein and Trabasso 1982,
Mandler and Johnson 1977, and Thorndyke 1977) have
established slightly different story grammar systems,
but all are remarkably similar. {In barest form, the
main character runs into some kind of problem or
conflict and tries to resolve it. After several attempts,
he or she resolves, or fails to resolve, the problem.)
Story grammar involves thearticulation of the charac-
ter's conflict, a description of attempts to solve the
problem, and an analysis of the chain of events that
lead to resolution; it also included analysis of how
characters react to the events in the story and articula-
tion of the story’s theme or themes.

Research on Story Grammar

In the 1980’s, reading researchers began to wonder
whether explicit instruction in story grammar would
improvestudents’ comprehension. Singer and Donlan
were the first researchers to design an instructional
intervention based on story grammar. They worked
with average-ability 11th graders using short stories
from a high school literature anthology. Forone week
students were taught five major story grammar ele-
ments (character, goal, obstacle, outcome, and theme).
While reading, they were instructed to ask themselves
questions about each element. For example, for charac-
ter, they might ask themselves, “Is this story going to
be about thebarber or the officer?” (Singer and Donlan
1982). They were then told to answer each of these
questions while reading the story.

The researchers’ intent was to structure the stu-
dents’ approach to reading and to focus the students
on the key issues and themes in the story. Results
indicated that the five-day instructional unit did, in
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fact, improve students” comprehension of the stories
read, at least as measured by multiple-choice test. The

only area where no improvement was noted was for
the most difficultcomponentof story grammar, articu-

lating the theme of the story.

The next researchers to study story grammar
{Carnine & Kinder, 1985; Idol & Croll, 1987) worked
with younger students in grades 4 through 6 and
targeted low-achieving students (those in Chapter [
and special education programs). Their approaches
were much more structured and interactive than that
taken by Singer and Donlan. ldol and Croll used a
visual map of the story grammar elements, while
Carnine and Kinder relied on a series of structured
verbal interactions based on these questions: (1) “Who
is the story about?”, (2) “What is he or she trying to
do?”,(3) “What happens when heor she triestodoit?”,
and (4) “What happensin theend?” Yet the essentials

‘of the interventions were quite similar. Both sets of

researchers used instructional procedures based on
effective teaching research (Rosenshine 1986). At the
beginning, the teacher modeled and explained how
she found the answers to each of the story grammar
questions. Within a few days, the students began to
answer some of the questions on their own. Day after
day, students were presented with a coherent system
for analyzing a story (i.e., a scaffold). Gradually, the
teacher faded the amount of assistance provided.

In both studies, low-performing students showed
significant growth in comprehension on a wide range
of measures. These studies demonstrated that story
grammar could be combined with research-based
teaching techniques to develop a coherent instruc-
tional strategy for improving the comprehension of
low-performing students.

‘Research with High School Students

The success of these studiesled us to see whether we
could improve-the abilities of low-performing high
school students to understand and analyze literature.
The first of two studies conducted (Gurney 1987) was
essentially an intensive case study of several learning
disabled students, many of whom were reading be-
tween threeand six yearsbelow gradelevel. Thestudy
demonstrated that story grammar intervention sig-
nificantly improved the comprehension of these stu-
dents. From this study, welearned that for students at
such a low level, it is important to include oral reading
of the stories in each lesson. We also found that the
studentsresponded quite positively to the consistency

of the story grammar strategy.

The nextstep wasa largerscale study (Dimino 1988)
conducted with 32 high school freshmen and sopho-

mores in “Basic English,” a course for students who
could not deal with the rigors of typical high school.
English. Most, but not all, the students were reading
well below gradelevel; reading scores ranged from 5.2
to 10.1 Prior to the intervention, we gave the students
two short stories to read and a series of questions to
answer. They answered only about half the questions
correctly.

Two teachers participated in this study. Each taught
a traditional group and a story grammar group. The
students were randomly assigned. Each group re-
ceived literatureinstruction for onemonth. Allgroups
used the same short stories selected from junior and
senior high school literature anthologies. All the sto-
ries included a problem or conflict. )

In the traditional groups, the procedures in the
teacher’s guide to the literature textbooks were the
foundation for each lesson. The teachers introduced
each story by defining pertinent vocabulary noted in
the teacher’s guide and discussing background infor-
mation to promote interest. Students then read the
story. After reading, the group discussed the ques-
tions in the teacher's guide. Independent seatwork
followed. ,

In the story grammar groups, instruction focused
onthe sevenstory grammar elements shown in Figure
1, a sample student note sheet. During the first few
lessons, the teachers explained the story grammar

Figure 1. Sample Story Grammar Notesheet

Story Grammar Noteshoot

Name Date

Story

Main Character;

Charactar Cluea: Whatls the moh cha'acter [ka?

Reactiona: How doos theo main character mac or sl about imponant svents In tha story?

Name the Problems or Conllicta. Cirle the main problem.

AHempta: How co o Mak eharaetera Ty 1o solve te problam?

Rosohnion: How dons the main problom getsovied?

Theme: whatf the suthor bying to soy?
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elementsand then demonstrated how to apply them to

a series of short stories. Essentially, the teachers ‘

“thought aloud.” Using the story grammar note sheet,
the teachers explained to the students the basis for the
decisions made.

During the first lesson, teachers focused on the four
easiest, most literal story grammar elements (state-
ment of problem specification of main character, de-
scription of attempts, and resolution). Beginning with

' the second story; the teachers began to introduce more
subtle and complex elements (character clues, reac-
tions). The purpose of these early lessons was to illus-
trate the process of determining the story grammar
elements and to demonstrate their internal relation-
ships.

By the third lesson, students began to volunteer
information. They did not want the teachers to tell
them the main problem, character, or attempts. The
teachers solicited responses from the group and re-
corded the responses on an overhead transparency
version of the note sheet.. Still, for the more difficult
elements—theme, reaction, character clues—the stu-
dents needed a good deal of guidance from the teach-
ers. .

As instruction progressed, students filled out their
own note sheets as they read, and the teachers served
mainly as facilitators. As students read the stories
orally, the teachers stopped atdesignated pointsto ask
about story grammar elements. The teachers were
careful to use consistent language throughout theentire
unit. When the teachers stopped the oral reading at
specified points, they used the same wording to elicit
information on specific story grammar elements.

Students experienced few problems with the literal
story grammar elements. Most could readily state
who the main character was, specify the major prob-
lem, describe the character’s attempts to solve it, and
tell how the story ended. Therefore, the focus of
instructipn shifted to the more subtle
elements—character clues, reaction, and themes.

At first, the teachers used vivid examples to exemn-
plify the difficult concepts. For example, to demon-
strate what a character clue is, the teacher said: “1f 1
walked into the room, threw my books on the desk and
said, ‘l want you to sit down and keep your mouths
shut,” how would you think 1 felt?” The class then
discussed the character clues in that day’s story and
made inferences about the character's reactions to
events in the story. '

Determining, themes was by far the most difficult
aspect of this instruction. The teachers modeled how
to generate a theme by reviewing all the story gram-
mar elements on the note sheet and then trying to state
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the author's intent. Then they indicated that there
could be more than one theme for a story, but thatany
theme provided must be justified by the story gram-
mar elements. :

The themes initially generated by the students were
either overly concrete or cliches. For example, stu-
dents read a story about how a father, who was a
frustrated athlete, forced his son to become a runner.
The story documented the son’s resentment. A typical
theme offered by students was that “parents shouldn’t
make their kids run if they don’t want to.” Students
had great difficulty organizing events and reactions
and coming up with a statement that captured the
underlying meaning of the work. When students did
try to be more abstract , they often came up with cliches
and morals such as “never tell a lie,” and “crime does
not pay.” ‘ ]

The teachers used three techniques to assist the
students in formulating a theme. First, before asking
students to determine the theme, the teachersreviewed
themes form previous stories to illustrate how the
events in the story can be used to develop a general
statement about what the author was trying to say.
Second, the teachers provided a few examplesofoverly
concrete themes, and the group discussed why they
would not be appropriate. Third, the teachers pro-
vided a series of prompts that helped guide studentsto
a more conceptual level.

- As the intervention continued, the students seemed
to begin to realize that the study of literature could be
exciting. The stories became more than just a series of

evenis to be memorized to pass a test or complete a.

written assignment. They began toread with an inves-
tigative, analytic stance. , :

An example that illustrates this emerging stance,
and the quality of peer interactions, occurred during
the discussion of themes for de Maupassant’s The
Necklace. One boy said, “The author was trying to tell
us that we should not show off or try to lead people to
believe we are rich.” His theme hit on a major motifin
the story. However, almost immediately, another

student said she had a better theme: “The author was

telling us that it's better to tell the truth.” The student
justified her response with the following rationale: “If
Mathilda had told the truth to the woman who lent her
the diamond necklace, she would not have ruined her
life paying for the replacement. More discussion en-
sued regarding the relative merits of the two themes.

Dimino found that the story grammar students
performed significantly better than students in the
traditional group on a range of measure. These in-
cluded answering questions taken from basal texts,
answering questions derived from the story grammar
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elements, and generating ‘written three-to
four-sentence surmmaries of the essential elements of
stories read. The effects were maintained over time.
Strongest effects were found in the articulation of
themes and in the quality of the summaries written.

“Fhe Whole Story”

The research has consistently demonstrated that
story grammar instruction can have a positive impact
on students’ comprehension of literature, particularly

-for low-performing students. It also serves as a point

of departure for spontaneous discussionof more subtle
issues. Some caveats are in order, though. First, story
grammar applies to many stories, but not all. It is
appropriate only for stories with a clear conflict or
problem. In each study, finding an appropriate array
of stories was a time—consuming task. Individuals
interested in using this approach may want to work in
teams to select stories.

Second, not all teachers easily adapt to this ap-
proach. Some teachers are initially reluctant to “think
out loud”; others have problems breaking everything
into small steps. We have found that the use of fairly
detailed teacher’s guides for the first series of lessons
helps teachers become comforl:able with this teaching
style.

These caveats aside, animportantadvantage of this
type of instruction for low-performing students is that
comprehension—not accurate oral reading-is always
the major goal of instruction. At imes in the studies,
the teacher read the stories aloud to the students. At
other imes, students took turnsreading, but the teacher
never stressed word-attack skills. For many of these
students, this experience was a rarity. So often their
instructionislimited to specificskillsor literal compre-
hension. Our examination of the accompanying ques-
tions. from the basal reading anthologies found that
almost all were literal and that many focused on small
details. If nothing else, story grammar can be used as
a system for developing and selecting questions to

accompany stories in readers and anthologles.

Inaddition, story grammar-whether presented as a
visual map, a note sheet, or a series of simple questions
repeated day-after-day—provides students with a sys-
tem for analyzing stories that prompts them to work at
a deeper conceptual level. As one student poignantly
described the experience, “1learned a Iot in this class-I
didn’t used to read the whole story, but now1 do.”
Instruction that doesn’t motivate low-performing
students to read the “whole story” is doing them a
great disservice. ¢
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A Review of Math Tutor .

by Ian Spence

From Scholastic Software, 730 Broadway, New York,
NY, 10003. Modules available for Addition, Subtraction,

Multiplication, Division, Simple Fractions, Complex Frac- |

tions, Decimals and Percents, Ratios, Word Problems
(Addition & Subltraction),and Word Problems (Multiplica-
tionand Division). Costis $86.95 per module. Eachmodule
contains the Teaching Disks and the student Management
System and a backup capy of each disk.

Editor’snote: lan Spence’s background isin Precision Teaching,
Direct Instruction, and computers. He was one of the first to
develop computer generated worksheets of Predsion Teaching,
adapting them for use in arithmetic, morphographic spelling, and
decoding, Dr. Spence and his wife, Dr. Aileen Stan-Spence started
a learning center (The Learning Incentive) in 1982, in which they
used Direct Instruction, Precision Teaching, and computer instruc-
tion as their main Jearning tocls. [n 1983 Dr. Spence was invited fo
join Coleco for a year to help build a team to improve the quality of
their Adans software line. Since then The Learning Incentive has
grown to include a day school for learning disabled students (Ben
Bronz Academy), and an evening school for learning disabled
adults. Dr. Spence has designed and produced two software
products: a vocabulary builder, and M-10—a language arts pro-
gram which develops students” skillsin picking out facts, develop-
ing a main idea, and looking for errors in grammar.

Math Tutor is a state of the art demonstration of the
effect of computers in Direct Instruction. If the Correc-
tive Math Series is your cake, Math Tufor is the frosting}

Corrective Mathematics comes alive in this.com-
puter rendition. This is not surprising, considering it
was designed, executed, and field tested by ‘Mike
Maloney and his crew at Quinte Learning Center in
Ontario, Canada. Quinte Learning Center has success-
fully utilized Direct Instruction and the Corrective
Reading Series for over ten years, and has built a
computer component for over six years. - .

Math Tutor is a beautifully packaged software series
which runson the ApplelIlfamily,oron theIBM family
of computers. It isa faithful recreation of the presen-
tations from Corrective Math, with the computer ad-
justing its next step based on the student’s answer to
questions on the screen. The program begins with a
placement test {(optional), after which the computer
will announce the lesson the student should begin at.
The student or teacher can choose to beginatany of the
30 or 40 levels offered. An optional printout is avail-
able for the teacher who needs to keep track of a
student’s progress.

The presentation is skillfully rooted in the Direct
Instruction Model. The first presentation screens are
unambiguous. A student’s response is analyzed, and
the next question or statement clarifies the error and
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allows the student to practice once more. Presenta-
tions are made at the student’s pace. Student’s may
take as much time as they wish to enter an answer. .

The graphics enhance the instruction. A charming
little comic strip character (affectionately named Ziggy!)
moves around the screen pointing to significant facts.
These explanations appear in large, clear letters in a
cartoon bubble, and sometimes Ziggy usesa pointer to
highlight the answer or arrow. An enlarged cursor
guides the student through each step of an involved
computation. There is no detour into fancy, intrusive,
and time-consuming praise. Ziggy's “talk bubble”
only occasionally says “Good Job” or “You're Right”,
but mostly continues onto the next screen.

At Ben Bronz Academy, Math Tutor is used both to
augment Direct Instruction,and asa stand alone prod-
uct. Within the Direct Instruction class, itis dynamite.
We review concepts in class, and the students practice
in their workbooks. They then have an appointment
on the computer, and canstart the program unassisted,
goto the correct lesson, and review the sequenceonthe
computer. After a half-hour of instruction and re-
minders, they are generally able to handle all the com-
puter functions themselves and the instruction is so
clear that they rarely get stuck on a screen.

Readability is at a 3rd or 4th grade level. We have
found that some students who's reading is below this
have required help with specific words, but have
generally managed to read most of the rest of the
script. Wehavebeen successfulin pairing readersand
nonreaders in teams to work together on the com-
puter. For our learning disabled students, Muath Tutor
is an invaluable restatement of each problem and its
progression, extra practice, and the motivation which
comes from working at your own pace. An excellent
set of worksheets accompanies Math Tutor, conven-
jently packaged in a three ring binder.

Math Tutor has an optional management system. If
it is used, the computer keeps track of student’s place-
mentlevel,and automatically places himin the appro-
priate lesson. The teacher can review student prog-
ress, or get a printout of results. However the one
weakness of the program is that if the student is placed
by the teacher for practice, a printout is not available, so
the teacher must check often on the student to see ifhe
is making progress. »

In its simple elegance and faithful execution of
DirectInstruction design principles, Math Tutor moves
the field of computer assisted instruction to its next
Jevel which should probably be called computer-inter-
active instruction. The computer no longer assists, but
teaches. We can and sometimes do place astudent on



- Math‘ Tutor-—continued

the computer first to learn new concepts, after which
the teacher reviews them in the classroom. With
Math Tutor, a self motivated, confident student can
- learn through the computers and the extra practice
sheets, and skip Direct Instruction in the classroom.

Math Tutor’s stand-alone capability is good news
for parents, for whom Scholastic has promised aless
expensive home version to be released around De-
‘cember, 1988. Home versions will .probably be
marketed through retail outlets such as Toys-R-
Us,etc. for $21.95 per program.

In our view, this is one of the decades finest pieces
of educational software. ¢

Viore on Software—

Who are these Morning
Star People?

by Bob Dixon

Did you see a “Morning Star” booth at one of the

ADI conferences last summer, or receive a Morning
Star brochure in the mail lately, or see a Moming Star
advertisement in an earlier issue of the ADI News? If
50, you may be wondering, “What’s the story on
Morning Star?”

I would like to give at least a partial answer to that
question here, not so much to satisfy anyone’s curios-
ity, but because I'm quite confident in the potential
benefit of Morning Star products to Direct Instruction
practitioners. ‘

I first became aware of Morning Star by accident.
An SRA representative in Wisconsin took me to visit a
special education classroom in the small town of Poy-
nette. It was supposed to be a “PR” visit, in that we
couldn’t sell anything there because they were already
using everything we had to sell. The first thing 1
noticed was that not only were these folks using a lot
of Direct Instruction programs, but they were using
them exceptionally well.

At some point, the fellow whose classroom I was
visiting, Fred Hofmann, asked me if I wanted to see a
computer program on math facts that he and a couple
of colleagues had developed in someone’s basement. 1
wasa little curious: What would a software program
look like that was primarily developed to supplement
an on-going, already successful Direct Instruction
math program? Would it have some features distin-

Morning Star—continued

guishing it from the plethora of (dippy) existing drill
and praclice math facts programs?

Ididn’t really have the time on that visit to examine
the program in much detail, but I noticed a couple of
featuresrightoffthebat. First, the programdidn‘t dive
straight into a drill format, but instead, began with a
well-designed initial instructional sequence that Fred
credited to Direct Instruction Mathematics {Silbert,
Carnine, & Stein, 1981). Next, I made an'error on a-
problem, and noticed what didn’t happen: I wasn’t
told, “No, try again,” and I wasn’t just pushed along to
thenextproblemaftera couplemore wrong “guesses.”
Instead, I was given effective instructional feedback;
essentially, I was temporarily “rerouted” to the initial
instruction, then was required to respond correctly
before moving on.

That was about all I had time to see, although Fred
told me the program had a management system (a
generally good sign) and had, too, some mechanism
for placing students at an appropriate level.

Shortly after I returned home, Fred made good on a
promise to send me a complimentary set of the Morn-
ing Star math facts program (comprised of four disk-
ettes, one each for addibon, subtraction, multiplica-
tion, and division). I wrote down “review Moming
Star stuff” on my list of things to do sometime, but not
today, and then more or less forgot about the program
until it gave me the opportunity to be a bit of a hero
with my wife, Susan. She had a kid named Jeff in her
first grade classroom who was headsrbove all the other
kids in math, and for various reasons we are all too
familiar with, the resources for getting Jeff placed ina
math group where he really belonged just weren’t
there, I took the Morning Star program over to the
school, typed Susan’s class list into the management
system, then got Jeff started with the program. Tactu-
ally guessed (conservatively) at an initial placement
point, but Jeff quickly learned that he could “chal-
lenge” levels of the program, and soon, he was work-
ing at a level appropriate to his needs,

Susan, whose single classroom computer had here-
tofore sat idle, was not only impressed that Jeff was
working on and learning material that was challeng-
ing to him, but that he was able to do so with no
intervention by her whatsoever. My observation was
that the program had to be quite versatile, because
althoughit was working nicely to help solvea problem
with a high performer, it had originally been de-
signed—I thought—by special educators for really not
high performers. That's an old question for Direct In-
struction—"Who's it for?"—and I'll never quite under-
stand why the answer seems to allude a fair number of
folks. It’s for whoever doesn’t know what it teaches.

With that thought in mind, Susan decided to try the
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Morning Star—continued

program with some of her lowest students, those who

. were making the majority of errors in her lowest

DISTAR group. They, too, were able to work inde-
pendently, and to receive valuable reinforcement of
theinstruction they were receiving in their group, thus
making subsequent group instruction smoother. 1
took these practical classroom results as pretty strong
evidence that Fred must have been conscientious in
implementing principles from Direct Instruction Math,
although I had not yet sat down and reviewed the

- program in any real detail.

Some time later, I received in the mail a brochure
from Morning Star on their new spelling programs,

- comprised of a disk on spelling rules (call “The Rules”}

and one designed to practice whole words (called “The
Partner”). I generalized: Fred had been doing a great
job of teaching Spelling Mastery and Corrective Spelling
through Morphographs, and the math facts program was
good, so the spelling programs were likely to at least be
a cut above the many inane sorts of programs I had
'seen being passed off as “spelling.” Several other
people 1 knew had also received the brochure on the

- Morning, Star spelling programs, and some of them

wondered whether I might view their release as some
sort of invasion of Zig's and my “turf.”

In fact, I had a very different reaction. Two of the
greatestdifficulties of implementing the round pegs of
mastery-based instruction (like Direct Instruction)
into the square holes of traditional graded classes are
accornmoedating students who enter programs late
and students who miss instruction because of absen-

~ teeism. Irarely fail to use questions about those imple-

mentation issues as an opportunity to point out that
those difficulties simply do not arise in conjunction with
ingffective instruction. 1'd be most worried if a kid
missed a couple weeks of school and returned to an
instructional program without missing a beat. Real
worried. :

Still, most teachers have to live with these implem-
entation problems in settings that do not allow for
them to be solved optimally. Iwelcomed the release of
the Moming Star spelling programs as a possible
means of addressing these problems when they arise
with Spelling Mastery,at a modest cost, both financially
and in terms of teacher time. That possibility gotmeto
move “review Morning Star” to my list of more imme-
diate tasks.

Originally, I had intended to write a more or less
formal review of Morning Star software for the ADI
News, but more people were asking me about the
company than about the software. Generally, when
Susan or] have recommended to teachers that they try
Morning Star, they have just tried it. There’s not much
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to lose with Morning Star’s generous 30 day trial
period for the products (the complete products, not
demonstration disks). However, I'd like to briefly out-
line some of the specifics—in addition to classroom
tryouts—that account for my support of Morning Star.

In order for us to have an expectation that software
will have some sort of instructional impact upon stu-
dents, we would have to see evidence that fundamen-
tal instructional design principals prevail over other
considerations in the development of the software.
We'veall seen, I'm sure, examples wherein Technologi-
cal considerations are the predominant-and often
only-features of software: high resolution graphics,
animations, mucho colors, pretty music, the use of a
mouse, etc. The Moming Star programs incorporate
the following instructional features:

1. Good initial instructional sequences, characterized

" by a good sequence of examples, a generous set of

examples, and where applicable (as in the case of
spelling rules), negative examples. For instance, the
first sequence in the addition math facts program
teachesthefact2+1,3+1,4+1,and 5+ 1, in thatorder. -
Each problem is modeled twice (with students en-
gaged, even during the modeling), then the student
works each problem twice, in a highly prompted set-
ting.

2. “Natural” tasks. In the math programs, students
type numerical responses; in the spelling programs,
students type words. The programs only occasionally
utilize multiple choice tasks, when appropriate. For
example the spelling rules lessons ask questions such
as, “Does shop end cvc?” in the course of a sequence
that Engelmann and Camine refer to as a cognitive
routine.

3. Effective,instructional corrections. The objective of
a correctionis to reduce the likelihood of the same type
of error occurring in the future. Whenan erroris made
on a spelling rule, for instance, the steps in applying
the rule are completely reviewed and the student is
required to spell the original word correctly before
moving on. : ‘

4. Progress through the programs is dependent upon
mastery. The phrase “students progress at their own
pace” isambiguous in computer-based instruction. It
often means that decision making isleft to the student.
In the Morning Star programs, the authors have “pre-
made.” critical decisions about what students do next,
based upon cbjective performance criteria. High stu-
dents, as 1 suggested above, can reach appropriate-
performance levels quickly while low students are
givenall the timeand practice they need to master each
phase of the programs.
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‘5. The primary advantage of the Morning Star
management systems is that they keep track of student
progress. Teachers can intervene in assignments after
makinginitial assignments, but they don'thave to,and
under most circumstances, wouldn’t need to.

In addition to these features, the Morning Star
programs all require a highlevel of student interaction
. atall phases of instruction, tasks progress from easier

(and more prompted) to harder {and unprompted),
and student interest is maintained more through
success and a variety of meaningful tasks than through
gimmicky sorts of technological wizardry {(which, I
believe, students become “saturated” on quite
quickly.)

My enthusiasm for Moming Star is not diminished
by the desire I have to see them make some improve-

~ments in their products. For example, if a student
misspells judging as “juging,” the correction treats the
error as if the final e rule had not been applied cor-
rectly. This does not effect the effectiveness of the
instruction, but it does reduce the efficiency somewhat.
I'd like to see somewhat more sophisticated response
evaluation in situations like this.

My most extensive criticism of the Morning Star
programs is not with the instruction at all-and of
course, the instruction is central-but with the manage-
ment system. I've already passed some of these
thoughts along to Morning Star, and to their credit,
they are unusually receptive to suggestions and criti-

. cism. Also, I understand they are in the process of
addressing some of these management system issues
even as I write. .

Getting the programs set up initially is not difficult,
but could be improved. On the positive side, the
programs give teachers a great deal of flexibility. But
as with any type of computer software, the price of
flexibility can be diminished ease of use. I would like
to see some changes in the Morning Star management
systems that might save some teacher time, and stu-
dent ime as well.

When I “set up” the addition math facts program,
the steps were to:

1. Type a student’s name.

2. Assign that student to a section (1, 2, or 3).

3. Select a starting level for that student (there are
twenty-six levels in each of the four facts pro-
grams).

4. Select a maximum tme for accepting a student
response (fast, normal, or slow).

5. Choose to enable or disable a pictorial graphics
option.

Making those selections does not take much time
(except that selecting a starting level for a given stu-

dentought to be done thoughtfully, using information
provided in the teacher's guide). However, those
same five steps must be repeated for every student 1
want to add to the systern, and then I must repeat the
whole process over again for the other programs:
subtraction, multiplication, and division. Most teach-
ersaren’t going to need to add all students at once, or
to all programs at once, but the time it takes is the time
it takes, whether done in one sitting or many.

Just to avoid being branded a cheap critic, I am
offering an alternative:

1. Select thesection first, so that each student added

after that automatically belongs to that section.

2. Add astudentname, then another, then another,

until all names areadded. Then you'redone, if you
want to be. Maximum response time could be
offered as a “default” setting (presumably nor-
mal), as well as the option to enable or disable the
graphics option.

So far, that plan seems to neglect selecting a place-
ment level, which of course, would vary from student
to student. The easiest change in the Morning Star
system that would address this problem is to select a
level after selecting a section, but before adding a
student. In that way, all level “B” students could at
least be added at one time, all level F students, and so
on. The most effective and efficient way to handle
placement, however, is to make a placement testa part
of the computer program, especially an “adaptive”
test that could quickly determine the optimal starting
point for each student, automatically. Such on-line
placement tests would save even more time in the
spelling programs, which require more initial settings
when adding students to a program.

As long as I'm just writing a wish list, 1 would also
like to see “system utilities” that allow a teacher to
create a class list for one program, such as addition,
then copy that same list to any of the other Morning

" Star programs. That option becomes a possibility
when student records have default settings and when
placement s part of the programs. (In the case of “The

Partner” spelling program, a similar utility, allowinga
teacher to copy spelling lists to another Partner disk,
would also be a big time saver whenever more than
one teacher within a building is using the program.)
The options currently available to teachers in the
Morning Star management systemsaregood ones. My
thoughts above would not deprive teachers of making
those choices; teachers could still override the default
settings and placement {(including placement criteria).
Again, 1 want to clearly emphasize that these rela-
tively minor criticisms do not deter me for a moment
from highly recommending Morning Star programs,
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not only as supplements to Direct Instruction pro-
grams, but for use with other programs as well. Many
readers, no doubt, use some Direct Instruction pro-
grams, but not all. Say, for instance, that you use
Reading Masteryand Corrective Reading, but not Spelling
Mastery and DISTAR Arithmetic (shame on you). You
should still take a look at the Morning Star programs.
At the risk of further exposing my own prejudices and
fanaticism, I'mnot the least bit reluctant to suggest that
the Morning Star spelling programs, used exclusively
as a spelling program are likely to be more effective
than a basal organized around weekly word lists and
predominated by activities that are independent, or
don’t relate much to spelling, or both.

* Within the two years or so that | have known Fred

Hofmann, Moming Star has moved out of the base-
ment and into a well-staffed office in Madison, Wis-
consin. The principals in the company, Fred, along
with Barry Golden, have so far remained at their posts
in the schools, Fred as a teacher and Barry as a curricu-
lum and special education director. Their product
development continues, slowly and conscientiously.
(I understand they will be releasing a main idea pro-
gram in January, 1989, based upon Direct Instruction
Reading, Carnine and Silbert, 1979).

For more information (like prices).on Morming Star
products, call 1-800-533-0445 (or in Wisconsin, 608-
233-5056) and talk to the nice person that answers, or
just send some money to Moming Star Software, Inc.,

P.0O. Box 5364, Madison, WI 53705. ¢

CAl for

by Mary Gleason
Douglas Carnine
Diane Boriero
University of Oregon

In recent years, the number of microcomputers
being used in special education classrooms has in-
creased dramatically (Hanley, 1984; Mokros & Russell,
1986). As the number has increased, teachers and
researchers have asked numerous questions regard-
ing their use. Most research has documented how
computers have been implemented in the schools,
with less attention paid to the effects of CAI on learn-
ing, particularly for mildly handicapped students
(Hanley). Although relatively little research has been
conducted to answer this question, the use of micro-
computers for instruction appears promising (Ellis &
. Sabornie, 1986). Several studies have concluded that
CAJ, when used as a supplement to teacher-directed
instruction, is more effective in increasing student
performance than when CAl is used alone (e. g. Burns
& Bozeman, 1981; Chiang, 1978; Forman, 1982; Kulik,
Bangert, & Williams, 1983; Lieber & Sermmmel, 1985).

Since 1982, the authors and their colleagues have
investigated a broader range of issues surrounding
technology and special education—differential effec-
tiveness for variousacademic tasks, for different stages
of instruction, and for varying levels of involvement
onthe part of the teacher (Carnine, 1984; Woodward et
al.,, 1986). Four recentstudies, three of which achieved
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_ Math Story Problems—
he Role of Good Instructional Design

significant results, demonstrated that CAl could be
effective as an instructional medium regardless of the
type of CAI (drill and practice, tutorial, simulation),
type of academic task (vocabulary, reasoning skills,
problem-solving), or degree of involvement of the
teacher {from very little to providing instruction be-
fore students practiced with the simulation)
(Woodward, et al).

In the study which did not achieve significant re-
sults (Gleason, 1985), the effectiveness of a CAl tutorial
program for teaching math story problems was exam-
ined. Although a large number of studies have been
conducted in math problem solving, few have yielded
information for building effective interventions in this
area. The field is in need of a strategy that will work
with low achieving students, particularly those with
learning disabilities. The specific purpose of the study
was to determine whether mildly handicapped stu-
dents could learn to solve multiplication and division

story problems if taught a strategy for choosing the

correct operation. A second interest was that of find-
ing out whether a CAI tutorial by itself could effec-
tively teach this complex skill. :
IntheGleasonstudy (1985), twenty-six middle school
students from special education resource rooms who
couldnot solve multiplication and division story prob-
lems were randomly assigned to two treatment condi-
tions, either a direct instruction CAI program or a
highly regarded comnmercial CAl program that used a




guided discovery approach. Results indicated no sig-
nificant difference between performance of the two
groups and no significant difference between pretest
and posttest for either of the groups. Asa consequence
of these findings, we set out torevise the direct instruc-
tion strategy. We believe that the results were notdue
to the failure of the computer as a medium, but to our
failure to analyze sufficiently skills required. Collins
and Carnine (1988) have documented how a theory-

based revision process can significantly improve the -

quality of a CAl program. Thus, we set out to try again
with a better analysis.

The newly designed strategy was tested in Boriero’s
1987 dissertation which is summerized below. Two
modes of presentation were compared—teacher-as-
sisted instruction and computer-assisted instruction.
- We were interested in examining whether a CAI tuto-
_rial could teach word-problem-analysis skillsto mildly

handicapped studentsand how that instruction would
- compare to the instruction that an expert teacher could
provide. Gleason’s 1985 study had indicated that the

novelty of learning from a computer was not sufficient

to bring about significant student learning.

Method

A pretest-posttest design with random assignment
of subjects to treatment groups was used to compare
computer-assisted instruction with teacher-directed
instruction to teach multiplication and division math
story problems to middle school mildly handicapped
students. The same curriculum was used for both
conditions. The only difference between the two in-
structional approaches was the medium used to com-
municate instruction to the students..

Subjects

Several criterion-referenced screening tests onmath
story problems and computation skills were given to
47 mildly handicapped middle school students (6th,
7th, and 8th graders) from five special education re-
source classrooms in five schools in a middle-sized
school district in the Northwest. Of the 47, only 19
students were eligible for the study. All had received
some previous instruction in solving math story prob-
lems, but were performing at approximately a fourth
grade level. Their overall math ability was below
averageas indicated by a median percentile rank score
of 12 on the the Metropolitan Achievemnent Test for
Total Math Ability (Durost, Bixler, Wrightstone,
Prescott, & Balow, 1971). Subjects were Caucasian
from middle to low income families.

The 19 students were randomly assigned to two
experimental groups. No significant differences were
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found between the groups on story problem screening
test scores or sex distribution. Mean scores on the
screening test were5.1and 4.9 (£(19) = .23;p = .41) One
group consisted of 7 boys and 3 glrls, the other group
was 4 boys and 5 pgirls.. '

Curriculum Design

Two sets of materials were used in this study: (1)

+ Computer Assisted Story Problems (CASP) (Gleason,

Carnine, & Moore, 1986), and (2) Teacher Directed
Story Problems (TDSP) (Gleason, Carnine, Moore, &
Boriero, 1986). Both curricula taught multiplication
and division story problems. The instructional method
and design used in the CASP and TDSP programs was
based on the model articulated in Theory of Instruction
(Engelmann & Carnine, 1982). The method requires
direct teaching of a clearly-specified, explicit strategy.
When lnstructmg the students, the teacher demon-
strates each stepinthe strategy, then prompts students
to perform the steps in the strategy. As students
acquire the new skill, the teacher assesses student
progress and prompts are gradually faded until stu-
dents achieve independence. Duringthe various stages
of instruction, great attention is given to the selection
and sequencing of examples; students receive numer-
ous opportunities to respond; and immediate correc-
tions are provided if students make errors. Correc-
tions are based on previously-taught rules or on steps
in the strategy. In the CASP version of the program,
the computer provided the same demonstrations,
prompts, opportunities to respond, carefully-selected
examples, and corrections for student errors.

In designing the two programs, every effort was
made to control for instructional method so that the
only difference in treatment conditions would be the
medium of instruction. Every lesson in the TDSP
program was scripted to insure that the teacher would
be using the same words and examples as the com-
puter program. The wording for corrections was also
included in both versions.

The computer program was able to replicate teacher
functions in that it presented lessons, provided correc-
tions, provided extra practice, and provided feedback.
The teacher, however, could performseveral functions
the computer could not. The teacher coilld modify
lessons to meet the students’ needs by asking ques-
tions and determining whether students should have
more or less structure than provided in a specific
lesson. Studentsin the TSP group were alsoable to ask
the teacher questions and have them answered. The
teacher presented instruction by reading to the stu-
dents; the students in the CAI group had to read the
information themselves. Inaddition, the teacher used
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eye contact, voice intonation, and facial expressions.
However, the purpose of this study was not to seeif a
computer could replicate the functions of a teacher,
but rather fo determine whethera CAl program designed to
use the same instructional method as the teacher could
sticcessfully teach students mulbiplicationand division story
problems. '

Procedures

Students in both groups were instructed in groups
of 2 to 5 students for 30 minutes daily for 18 days or
until the program was completed. Students com-
pleted one or more lessons per day. Each of the
program lessons began by providing instruction on a
new skill,

Computer-Assisted Instruction. Studentsin this group
-were seated at desksina classroom and provided with
their own computer keyboard and monitor. Specific
training on how to use the computer was given by
trained monitors during the first two lessons so that
students would successfully respond to the informa-
tion presented via computer. Training included: (a)
carefully reading information presented on the screen,
(b) following instructions given for particular items,
(c) responding to items presented on the screen by
punching the appropriate key or writing on work-
sheets, and (d) reading and responding to corrections
presented for incorrect answers on the screen and

. worksheets. '

Atypical CAlinstructional session proceeded inthe

following manner: The monitor distributed work-

_sheets and booted up disks for the students. For each

new skill, a set of directions, a demonstration, then
prompts and questions were presented on the screen.
The story problems appeared either on screen or on
their worksheets. Students responded to the questions
on the screen either by punching the correct key on the
keyboard or by writing the correct response on their
worksheets. The correct answer for a particular item
‘was always presented on screen so students could
check for correct responses. Students also typed their
answersinto thecomputerand the computer provided
corrections when necessary. During the instructional
session, the monitor walked around the group and
occasionally reinforced students with points and/or
verbal praise for staying on task. The monitor did not
help students with instruction or corrections.

Teacher-Directed Instruction. One of the authors
served as the teacher for this group. Her role for the
TDSP group was to instruct students on the strategy
for solving multiplication and division story prob-
lems, using the scripted lessons described earlier. As
was the case for the CASP group, the teacher used a
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point system and verbal praise for the TDSP group. A
typical TDSP lesson proceeded as follows: Work-
sheets corresponding to that day’s lesson were given
to the group. The teacher used scripts and overhead
transparencies. Each lesson included the same dem-
onstrations, examples, corrections, etc, that were used
in the CASP lessons. Students gave responses to
questions either orally or on worksheets. If students
made incorrect responses, the teacher corrected by
immediately telling the correct answer and repeating
the question or problem.” Students were shown the
correct answers on the teacher’s overhead and in-
structed to cross out their incorrect answer and write
the correct answer in the space provided. '

Measures : :

Three tests were designed: a pretest, a posttest, and
a transfer test. Time on task was also measured. The
pretestwasa15-itemcriterion-referenced test designed
to measure student performance on multiplication
and division story problems, basic multiplication and
division computation, and addition and subtraction
story problems. The test included four addition, five
subtraction, fourmultiplication, and two divisionstory
problems.

The posttest consisted of two parts. The first part
was a 10-item criterion-referenced test very similar to
the pretest. ltcontained two addition, two subtraction,
four multiplication, and two division story problems.
The second part included six multiplication and divi-
sion story problems. Students were instructed to draw
pictures representing each story problem, then find
the answers.

The transfer test also consisted of two parts. The
first part contained eight story problems from the
Metropolitan Achievement Test. These problems were
different from the criterion-referenced problemsin the
following ways: (1) the sermantic and/or syntactic
structure of the word problems differed greatly from
those used in the instructional programs; (2) the prob-
lems contained irrelevant information or distractors;
(3) the problems required students to perform more
than one operation (i.e., multiplication and then sub-
traction).

The second part of the transfer test consisted of five
dialogues representing multiplication and division
story problem situations recorded on a tape recorder
and presented to the students orally. In this example,
Diane called out to Mark. “Hi Mark. T have six bags.
Let’s fill them with candy.” Mark replied, “OK, Diane,
I'll put two pieces of candy into each bag.” Diane then
asked, “So, how many pieces of candy do we have
altogether?” Students were instructed to listen care-
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Table 1. Means, Standard Deviations, and Mean Percent Correct on Tests for Solving Story Problems.

Pretest Posttest . . Picture Posttest TransferTest + Oral Transfer Test

Mean " Mean Mean Mean Mean
Percent Percent Percent Percent Percent

Group N M SD Correct M SD Corret M SD Corret M SD Comect M SD Correct
TDSP 10 5.1 1.60 51% 93 1310 93% 54 0.69 90% 4.4 260 55% 48 040 06%
CASP g 093 S1% 56 0.73 23% 3.8 250 18% 5.0 060 100%

49 240 19% 9.1

fully to each problem, draw a picture representing
~what they had heard, then solve the problem.
Representative samples of the time students spent
actively engaged in working were collected for both
CASP and TDSP groups. These data were collected by
trained observers on eight randomly selected days
across theduration of the study. Interobserverreliabil-
ity was 89%. o '

Results

. Table'1 presents the descriptive statistics for the
pretest, both parts of the posttest,and both parts of the
transfer test. The mean percent accuracy on the writ-
ten posttest, 93% for the TDSP group and 91% for the
CASP group, was not significantly different for the
two groups. A 2 X2 ANOVA performed on pretest/
posttest scores on written problems showed a signifi-
cant effect for time, p < .0001. The 2 X 2 ANOVA
yielded no other significant effects. A moderate cor-
relation ( r = .44) was found between pretest and
posttest scores. The mean percent accuracy for the
picture posttest items was 90% for the TDI group and
93% for the CAI group, again a nonsignificant differ-
ence.

Percents were computed for written pretest and
posttest items to compare changes in identifying the
correct operation for addition and subtraction versus
multiplication and division word problems. On an
average, 87% of the subjects selected the correct opera-
tion for pretest addition and subtraction items. The
percentage correct on posttest addition and subtrac-
tion operations was 100%. In comparison, subjects
selected on average the correct multiplication and
division operations on 47% of the pretest items.
However, the percentage correct operation selection
increased to 86% on the posttest items.

Percents were also computed for written pretest
and posttest items to compare changes in producing
the correct numerical answer to addition and subtrac-
tion versus multiplication and division problems. On
the pretest, subjects had an average of 82% correct
humerical responses to addition and subtraction prob-
lems. For the posttest, the percent correct, 88%, was
just slightly higher. For multiplication and division

pretest items, subjects scored an average of 38% cor-
rect. The posttest percent correct was a little higher,
56%. - ‘

The mean percent accuracy on the first part of the
transfer test was 55% for the TDSP group and 48% for
the CAI group, yielding no significant difference. For
the oral transfer items, the results again yielded no
significant difference. The TDSP group had a mean
percent accuracy of 96%, while the CASP group’s
accuracy was 100%. Data collected for the percentage
of student time on-task for teacher and computer
groups was 92.4% and 95.7%, respectively.

Discussion

Generally, software powerful enough to act nearly
like a2 human tutor has not been available (Carlson &
Silverman, 1986; Carnine, 1984). In fact, Carlson and
Silverman, among others, warned that to ensure effec-
tive instruction, the initial instruction of new skills or
knowledge should be delivered by the teacher, espe-
cially for a complex skill or one that is important to
later learning (e.g., solving story problems). After
conducting the first study (Gleason, 1985), we thought
so, too. Gleason surmised that perhaps, for a skill such
as solving story problems, students needed to receive
teacher-directed modelsbefore using thecomputer for
additional practice opportunities. A software pro-

- gram typically cannot provide what a teacher usually

handles (Carlson & Silverman).

The software program that was used in the first
study was revised and field-tested extensively. Every
aspect of the instructional design was attended to and
reworked, then used to establish the two programs
used in the second study (CASP and TDSP). Using
those two programs, as well as extending the instruc-
tional time from 11 to 18 days, led to superior perfor-
mance by the two groups in the second study (91% and
93%) compared to the two groups in the first study
(53% and 41% on posttest). Inaddition, the students in
the second study made significant gains in learning
from the pretest to the posttest.

Results from the two studiesindicate that when CAI
is properly designed, the computer can be an effective
instructional medium for mildly handicapped stu-
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dents. In addition, when the instruction is properly
designed, it is irrelevant whether the medium of in-
struction was a teacher or a computer. Clark (1985)
and Salomon and Gardner (1986) have indicated no
surprise with such results. Both havestated that when
all else is held constant except the medium of instruc-
tion, not much effect will be observed. Clark explains
that #.. . there simply are no unique contributions to
learning that can unambiguously be traced back to the
construct ‘computer” (p. 140). Differences will be
found only when unique and necessary attributes of
the teacher’s or the computer’s method interact with
student learning (Clark; Salomon & Gardner). Appar-
ently, in the second study, any unique and necessary
attributes of either the teacher or the computer tutorial
were washed out in favor of the attributes common to

‘both.

Findings from the written posttest demonstrated
that students learned the strategy for finding the cor-
rect operation, but not whether they conceptualized
the processes that underlie math word problems. The
picture posttest was given to determine if students had
a conceptual understanding. The results were very
encouraging. Basically, the scoreson those testsshowed
that students in both groups understood the concepts
underlying story problems. In both groups, students
accurately represented word problems by drawing
them, then solving for the answers (CASP group, 93%;
TDSP group, 30%).

In addition to determining whether students could
successfully use the strategy and demonstrate concep-
tualunderstanding of word problems, the studyinves-
tigated the transfer of these skills to problems of differ-
ent types. The transfer test, as previously described,
consisted of two parts, a simulation and a written test
on items from a standardized test. In general, the
findings from the two-part transfer test showed that
students were very successful in transfering skills to
simulation problems (CASP group, 100%; TDSF group,
96%), but not successful in transfering skills to the stan-
dardized test items (CASP group, 48%; TDSP group,
55%).

Beforeinstruction, the students were unable to work
problems representative of a fourth-fifth grade stan-
dardized test; e.g., “A monkey ate two bunches of
bananas. There werefivebananasineachbunch. How
many bananas did it eat?” After instruction, students
were able to determine the correct operation from
problems of this type. The transfer items were not
taken from a fourth-fifth grade standardized test, but
rather from seventh-eighth grade tests. These stan-
dardized test iterns were much more difficult in terms
of vocabulary, length, key words, and structure than
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the written transfer problems. Several studies have
reported that linguistic variables such as vocabulary
and syntax account for differences in problem diffi-
culty and in varied learner outcomes (e.g., Jerman &
Mirman, 1974; Linville, 1976; Wheeler & McNutt, 1983).

Occasionally, the standardized test questions re-
quired students to carry out more than one operation.
For example: “Five jet airplanes landed at the airport
yesterday. Each carried 51 passengers. A total of 106
people got off. How many passengers continued on to
other airports?” Transfer to these more difficult prob-
lems would actually have been surprising. Transfer
needs to be taught and included as one of the instruc-
tional stages (Homer, Beilamy, & Colvin, 1985; Rin-
cover & Koegel, 1975; Wahler & Fox, 1981).

In contrast to the poor transfer to more difficult
items was the transfer to a simulated setting. Those
problems were of the same difficulty level as those
used in training. Consequently, the students were able
to apply what they had learned in the context of more
“real life” events. This finding is encouraging because
of the well founded concern about transfer outside the
school. The current finding is only suggestive, how-
ever, because the transfer did not actually take place
outside of schools, but was merely simulated.

A final result was the measurement of on-task data.
Both groups appeared tobe sufficiently engaged (92.4%
and 95.7%) and achieving at a high enough success
level that on-task behavior would partially account for
the high achievement level of the students in both
groups (Fisher, et al, 1980). MacArthur, Haynes, and
Malouf (1986) cautioned that academically engaged
time might be a variable that influences whether CAI
results in greater achievement than teacher-assisted
instructon. In the present study, engagement was
very high in both settings.

The results of these studies support earlier conciu-
sions (Woodward, Carnine, & Collins, 1988): Teachers
and students benefit from a careful analysis of instruc-
tional content and. use of sound instructional design

" principlestoestablish programs thatsuccessfully teach

mildly handicapped students. Specifically, the pres-
ent study shows that when an instructional program is
carefully designed, students with learning disabilities
can learn to solve math story problems viacomputer as
well as from a teacher. An obviousadvantage of using
a computerized tutorial is that the teacher’s time will
be freed to analyze data, make decisions about what
will be taught next, even teach other students. Thereis
litle danger that the teacher will be replaced by com-
puter-assisted instruction, but there is much work to
be done in exploring the relationship of teachers and
computers. Hopefully, we will do this by leaving
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behind the worn question — “Is the computer more
effective than the teacher?”. Taking Torgeson’s (1986)
advice, that regardless of whether CAl or TDIis being
examined, good instructional design must receive

attention in order to achieve educationally significant

results. ¢
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‘Low-Cost Computer Networking for the Teacher

by Douglas Carnine
Melissa Hayden
John Woodward

Lisa Moore
University of Oregon

Although the ratio of students to computers is de-
clining, accessis still amajor concern. One obviousre-
sponse to this need is to buy more computers. An ad-
ditional tactic is to analyze how computersare used, to
identify alternative ways of increasing access. For ex-
ample, computers in special education are’ used pri-
~ marily for drill and practice. An alternative way of
providing drill and practice is to network as many as
16keyboards toa single computer. The screenissetup
as a grid with a cell for each student. The student’s
name, problem number, answer and feedback are
displayed sequentially ‘in the cell. As many as 16
students now have access to one IBM or 1BM compat-
ible computer (see Figure 1).

Figure 1. Teacher Net 8-user system.

This low-cost networking system has many addi-
tional applications which turn a computer into a class-
room assistant for teachers. This article briefly de-
scribes those applications and the research conducted
on:them.

The Practice Assistant

This application allows students to work at their
own pace through textbook assignments or teacher-
created assignments. Students enter the item number,
their answer, and thenreceive feedback (if the teacher
- has selected the feedback option).

In one study (Moore, Carnine, Stepnoski, &
Woodward, 1987), 14 learning disabled middle-school
students entered their answers to math-fact review
and operation-review assignments. Thirteen randomly
assigned students were in the comparison group. The
study ran for 15 minutes a day for 13 consecutive
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school ciays. Scoring the responses of students who
used The Practice Assistant took an average of 4 min-
utes a day; scoring the papers of the comparison stu-
dents took an average of 70 minutes a day.

Another study (also reported by Mooreet.al., 1987)
used a single subject reversal design with seven reme-
dial elementary students. For the first 15 minutes
students worked both new and review math prob-
lems. The teacher then spent 3 minutes with them
scoring responses and providing corrective feedback.
During the conventional instruction treatment, the
teacher spent the first part of the 3 minutes reading
answers to the problems as the students checked their
answers. The ime required to read the answers to the
students left only 23% of the time for corrective feed-
back. With The Practice Assistant however, 71% of the
time was spent giving corrective feedback. In addi-
tion, when students entered their answers on The
Practice Assistant, the teacher had a diagnostic sum-
mary which served as abase for her correctivefeedback.

When new skills were presented with The Practice
Assistant, student scores were higher than with con-
ventonal instruction. When reviewing familiar skills,
performance didn’t differ for The Practice Assistant
and for conventional instruction. This parallels the
findings fromthe first study (Moore, et al., 1987) where
Teacher Net saved substantial amounts of ime for the
teacher, but didn’t differentially improve student per-
formance on familiar material. These two studies
show that The Practice Assistant helps teachers save
time, increase the time they spend teaching, and im-
provestudentlearning. Theresearchon the nextappli-
cation demonstrates another way in which Teacher
Net can contribute to improved student learning.

The Lecture Assistant

With The Lecture Assistant, the teacher intersperses
questions throughout her presentation. After a ques-
tion, the students enter their answers. In this applica-
tion, only the teacher views the screen. It displays the
average percent-correct for all students on that item,
each student's individual response, whether it is cor-
rect, and the cumulative percent of correct responses
for each student, up to that point in the lesson. Using
this information, the teacher decides whether more
explanation, examples or practice items are needed.
After adjusting instruction accordingly, the teacher
can check on the students by having them answer
more questions. The teacher can then repeat the cycle:

_explain, ask questions, adjust instruction, ask more
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questions. The advantage of The Lecture Assistant is
that the teacher has immediate, fairly complete infor-
mation on how well students are understanding the
explanations and demonstrations.

Research on The Lecture Assistant involved 30learn-
ing disabled junior high school students (Woodward,
Carnine, Gersten, Moore & Golden, 1987), who were
randomly assigned to The Lecture Assistant or con-
ventional instruction. Students in both treatments
worked 35 minutes a day for three weeks. Instruction
was provided from the same reading program. They
were taught three reading comprehension strategies—
two familiar and one new. Two posttests were de-

. vised, one for the familiar strategies and one for the

new strategy.

Scores on the posttest for the new strategy were
significantly higher for students in The Lecture Assis-
tant treatment (51% versus 38%). The Lecture Assis-
tant students also had a significantly higher rate of
academic engagement (89% versus 52%). Finally, 78%
of The Lecture Assistant student enjoyed the instruc-
tion (over half of whom identified the quality of in-
struction the main factor); only 25% of the comparison
students enjoyed the instruction, and less than an
eighth of them mentioned quality of instruction as the
main fact.

The Grading Assistant

In addition to saving time and supporting instruc-
tion, the Teacher Net hardware system has other fea-

“tures that are attractive to teachers. Electronic grade

books give teachers reports and calculate grades very
rapidly. Electronic gradebooksalsoallow easy changes
in grade level cut offs, deletions of scores and altera-
tions of the relative weights of different categories of
scores. The major draw back of electronic gradebooks
is the time required to key in the individual scores.

The Grading Assistant accepts scores electronically
from The Practice Assistant. Teachers neither score
students responses nor calculate grades in the grade-
book. (Scores can also be entered manually into The
Grading Assistdnt, to accomodate assignments, such
as essays, where answers cannot be scored by The
Practice Assistant.)

Research by Hayden, Wheeler & Carnine, (1987)
found that while the greatest time savings came from
The Practice Assistant, passing scores to The Grading
Assistant took about 10 extra seconds for each assign-

. ment. then, the full flexibility of the electronic grade-

book was available. The teacher used The Grading
Assistant to monitor student progress toward IEP
objectives, to communicate student progress to par-
ents, and to provide students frequent feedback about

their grades. R
The Testing Assistant '

Administering and scoring tests is another tiine-
consuming activity for teachers. This is particularly
true for adaptive level tests, in which students only
take the items that match their skill level, Ineffect, the
test becomes individualized, with different students
taking different items. Such testing can identify skill
deficits rather precisely, without requiring students to
respond to too many easy items and too many hard
items. These advantages are offset by the requirement
that the test by given individually.

However, The Testing Assistant administers adap-
tive level tests to as many as 16 students at one time.
Each student’s cell displays the item number the stu-
dent is to complete next.

Fourteen remedjal and learning disabled students

_ weregivenamathematics adaptivelevel test, either by

the teacher or with The Testing Assistant (Moore, et al.,
1987). The teacher took 5 minutes to set up The Testing
Assistant for the seven students. The teacher took 140
minutes to administer the test to the other seven stu-
dents. Analyzing and summarizing the results with
The Testing Assistant took the teacher 5 minutes; with
conventional procedures, the teacher needed 66 min-
utes for the other seven students. Overall conven-
tional teacher administration and analysis took an
average of 27 minutes per student; with The Testing
Assistant, the teacher took an average of about 3 min-
utes per student.

Fractions Math Lab

The applications of The Teacher Net system have
supported the teacher ina variety of ways—gathering
information about student understanding, scoring
responses, giving feedback, calculating grades, and
administering tests. With the Fraction Math Lab,
students work from a self-paced instructional text and
the teacher gives assistance during guided practice,
which is managed by the Teacher Net system. After
reading an explanation with several examples, stu-
dents work several practice problems. The students
then enter their answers to test items. If they miss 2 or
3of the testitemns, they are instructed to ask the teacher
for help. Thus, the students turn to the teacher for
support if they fail to learn through the explanation
and practice problems in the self-instructional text.

Hayden, Wheeler & Carnine (1988) used a single-
subject reversal design to study the effects of the Math
Lab on the bahavior of a sixth grade math teacher with
16 students. When the Math Lab was not in use, the
teacher had to score the students’ responses to the test
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items as well as respond torequests for help. Whenthe

Math Lab was in use, the teacher only had to respond

to requests for help. With the Math Lab the percent of
academically-oriented interactions between the teacher
and students was twice as great as during conven-

- tional instruction. By taking over the clerical tasks for
the teacher, theMath Lab programallowed the teacher
to spend much more time teaching.

‘The Teaching Assistant

" The firial application may be the most novel. The
Teaching Assistant has an unusually easy-to-use au-
thoring language for creating CAI that is then deliv-
ered to a group of up to eight students. Incorrect and
late responses are tallied. When the students that
make up a group do not make the minimal number of
correct responses (at alevel set by the teacher), the CAI
‘programn treats the response as an error and imple-

- ments any correction or branching specified in the pro-
gram. although students go through the programasa
group, the management system records correct and

incorrect responses for each individual student.

_ The Teaching Assistant can also be used to create
‘and delivercomputer assisted video instruction (CAVD.
While the melding of interactive instruction and dy-
namic video makes CAVI an attractive instructional
delivery system, the combination also exacerbates the
problem of access. School districts would need to
purchase an interface and industrial-grade videodisc
player or videotape player as well as a computer. the
Teaching Assistant isone way to make CAVImorecost
efficient, by teaching eight students at a time, rather
than one.
~ A potential disadvantage of a group-based instruc-
tional system is a loss in teaching effectiveness. Neell
and Carnine (1987) compared the instructional effec-
tiveness and efficiency of group-delivered CAVI with
conventional CAVI, delivered to one studentata time.

The CAVI lesson covered basic facts about blood
(i.e., typeofblood cells, compositionand role of plasma,
the dlotting process, etc.) The exact same lesson was
used for both CAVI treatments (group-and individ-
ual-based CAVI) with the exception that feedback
statement were changed to reflect the presence of a
-group rather than an individual (e.g., “Most of you
have chosen the correct answer,” instead of “You have

chosen the correct answer.”)

The subjects, 33 high school resource room stu-
dents, were randomly assigned to The Teaching Assis-
tant CAVI or to conventional CAVI. Scores on a
posttest did not differ significantly for the two groups,
suggesting minimal detrimental effects for the much
more cost effective group format. Anunexpected find-
ing was the scopeand nature of the interactions among
the students in the group treatment. These interac-
tions grew out of the criterion of performance the
group had to meet to continue the program and avoid
a correction and recycling. At times students would
help those who were making mistakes. Atother times
they would verbally assault students who made fre-.
quent mistakes.

Conclusion

" The article has described six applications and seven
research studies on a rather unorthodox use of com-
puters in education. The studies serve the narrow
purpose of evaluating the efficiency and effectiveness
of this particular approach to helping teachers harness '

" computer technology to meet some of their profes-

sional needs. A broader purpose is to prod educators
into considering other, possible equally unorthodox,
ways to use computers. The view of computers as a
productivity tool is commonplace in other fields.
Educators might benefit from taking advantage of
computers in this way as well. ¢
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Instruction on Ratios and Proportions—

Active Teaching with Basal Text vs. Videodisc

by Lisa J. Moore’
Douglas Carnine
University of Oregon

Results from four National Assessment of Educa-
tional Progress in mathematics (Rothman, 1988; Car-
penter, Corbitt, Kepner, Lindquist, & Reys, 1981 ) have

~ shown that mathematical word problems are one of

the most difficult problem types for students of all ages

and ability levels to solve. The problem is severe

enough that the National Council for Teachers in
Mathematics (NCTM) listed problem solving as its
number one priority in its Agenda for Action for the
1980's.

The four natjonal assessments have shown that
many students were unable to perform the tasks nec-
essary for solving complex word problems: generat-
ing equations, determining what information was
needed to solve the problem, appropriately sequenc-
ing and performing all necessary steps, and checking
their answers for reasonableness. Students tended to
make assumptions and subsequently perform the
required operation(s) based solely on the numbers
involved (e.g., the operation for a problem with the
numbers 56 and 7 was assumed to be division).

Word problems that involve ratios and proportions
are examples of complex, multi-step problems. Word
problems involving proportions encompass many
different types of problems commonly found both in
textbooks and in real life. Problems can involve in-
creases, decreases, discounts, percents, measurement
conversion, basic ratios, rate, etc. Yet there is evidence
suggesting thatasmany as half of the secondary school
and college-age students have failed to acquire a

.working understanding of the proportionality scheme

{(Wollman & Lawson, 1978). Wollman and Lawson
(1978) note that proportions are the most ubiquitous
mathematical concept in any introductory science
course. Physics, chemistry, and biology employ many
concepts that are essentially proportions. The logic of
ratios and proportions are also assumed in much of
algebra. ~

The deficiencies in performance on word problems,
are probably related to the fact that basal math text-
books present relatively few word problems
{Kameenui, Griffin, & Hytner, 1985; Nibbelink, Stock-
dale, Hoover, & Mangru, 1987); and when they do,

“This grant was supported in part by a g;-ant from the US Department of
Education. The Authors would like to acknowledge the contributions of
Russell Gersten and the Eugene School District 4-].

-

rarely, if at all, are word problems taught as a separate

~ skill (Carpenter, Corbitt, Kepner, Lindquist, & Reys,

1980). Typically, the two to four word problems that
appear at the end of a chapter or instructional unit
incorporate only the specific computational skill, for
example multiplication, that was covered in the just-
completed unit (Picus, Sachse, & Smith, 1983). As
Carpenter and his colleagues (1981} note; “..once
students realize that all problems can be solved by
multiplication, many of them stop.analyzing the prob-
lems with any care and may even stop reading them.”
(p- 11-12).

Research on the effective teaching of mathematics
has identified several curriculum design principles
that positively affect students abilities to learn to solve
word problems. One of the most important of these is
the teaching of an explicit strategy with clear demon-
strations. Carnine, Engelmann, Hofmeister, and Kelly
(1987) found that high school remedial students who
learned explicit strategies. performed significantly
higher on a posttest involving all four problem types
than those students who were not taughtexplicit strate-
gies. Kameenui, Carmine, Darch, and Stein (1986) also
found that low-performing, first-grade students who
were taught subtraction using an explicit strategy with
clear demonstrations performed significantly better
on posttests than did a similar group of students who
were taught subtraction using discussions about pic-
tures depicting subtraction. Other researchers (e.g.,
Herrington, 1980; Lerch & Hamilton, 1966) have found
similar results.

Another principleisto prowde practlce witha wide
range of examples so that students can learn how to
discriminate between similar problem types that re-
quire different strategies, as well as different problem
types with which the strategy can be used (Carnine et
al., 1987; Suydam, 1984).

These and other related curriculum design prin-
ciples have been evaluated in comparisons with tradi-
tional instruction in word problems (e.g., Darch,
Carnine & Gersten, 1984). However the Darch et al.
(1984) intervention applied principles of curriculum
design and of Active Teaching (Good, Grouws &
Ebmeier, 1983). The comparison treatment mcorpo—
rated neither set of principles.

The purpose of the present study was to eliminate
Active Teaching as a potential confound by making; it
an: integral part of both the experimental and the
comparison groups. The experimental treatment was
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based on Active Teaching and empirically validated
curriculum design principles. The comparison treat-

ment was based on Active Teaching and basal curricu-
lum design principles.

Method

Subjects

Ninth-, tenth-, and eleventh-grade students from
three math classes in a local area high-school partici-
pated in this study. The 29 students were from two
equivalent basic math classes for low-performing stu-
dents, one a morning class and one an afternoon class.
Six students were from a math resource room and had

current Individual Education Plans (IEP’s) for math.
These six students were combined with the 9 students
in the morning basic math class, resulting in 15 stu-

"dents in the morning basic math class,and 14 students
in the afternoon basic math dass.

Prior to the slatjt of the study, all students were
screened for mastery of necessary preskills. Qualify-
ing students were then administered the math portion
of the Metropolitan Achievement Test, Level Advanced
1, Form JS. Percentile scores on this test ranged from 6
to 60. Students in each class were then matched based
on the screening and standardized measures, and
randomly assigned to one of the two treatment groups,
the Active Teaching with Emperically-Validated cur-
riculum design group (ATCD) or the Active Taching
with Basals group (ATB). Thisresulted in four instruc-
tional groups, with a total of 16 students in the ATB
group and 13 students in the ATCD group.

The teachers were graduate students in education
or special education at the University of Oregon, all of
whom were certified. All teachershad previous teach-
ing experienceand were trained inthe specific require-
ments of the two curricula. To minimize possible
teacher effects, each teacher taught each condition for half
the study.

Px_-oceduxes

Screening tests were administered to the students
one to two months before the start of the study. Just
prior to the start of the study, students were admini-
stered a criterion-referenced pretest. During thestudy,
instruction was presented each school day for the full
50-minute period, except when a change in the school
schedule cut short the class period. Immediately fol-
lowing the completion of the study, students com-
pleted a posttest and anattitude questionnaire. Onthe
questionnaire, the researcher first read each question
out loud to the group and explained it to ensure
student comprehension. Students then responded
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individually in writing to that question. At this time
teachers also responded to a Teacher Questionnaire.
Two weeks after completion of the study, all students
were administered a criterion-referenced maintenance
test.

Measures

Preskills testing. Prior to the implernentation of th
ratios curriculum, an 18-item criterion-referenced
screening test was administered to all students. Only
students who scored at least 70% on these preskills
were considered eligible for participation in the study.
Students also completed a multiplication facts timed
test. Students were given two minutes to complete 60
multiplication facts. All students were able to accu~
rately complete the facts within the allotted time.

Pretest. A 10-item pretest developed by the re-
searcher was administered to all students just prior to
implementation of the instruction. The test contained
a sampling of all problem types found on the posttest
and maintenance test. Studentsscored from 0% to 20%
correct, with a mean of 9%. Based on these results, it
was assumed that no student had sufficient skills in
solving ratio and proportion problems to warrant
excluding thern from the study.

Criterion-referenced test of achievement. A 21-item
criterion-referenced test (CRT) was designed to assess
student mastery of specific skills taught in the two
curricula. Two parallel forms of the test were devel-
oped, Form A and Form B. Form A served as the
posttest and was administered to all the students
immediately after they-had completed the instruc-
tional unit. Form B was used asa maintenance testand
was administered to all the students ten school days
after completion of the instructional units. Before the
start of the study, both forms of the test were admini-
stered to two pre-algebra classes with 26 students in
grades 9 through 11 to assess internal consistency
reliability. Coefficient alpha reliability was .86 for
Form A and .83 for Form B.

Time on-task. Independent observerscollected class-
room data for 14 daysin the ATCD classrooms and 13
days in the ATB classrooms. Observers collected data
on rates of student on-task behavior and the level of
appropriate implementation of the two curricula.
Reliability checks for on-task behavior were conducted
on five occasions for the ATCD group and on six
occasions for the ATB group. Inter-observer reliability
averaged 91% for the ATCD groups and 92% for the
ATB groups. '

Students’ attending behavior was divided into three
possible categories: On-task, Off-task, and Other.
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Behavior in the Other category included transition
times when a student might be waiting for the teacher
to begin instruction, to receive material, or for other
students to finish their work after they had already
finished. During these transition times, a student was
not considered to be Off-task. '

Fidelity of implementation. Degree of implementa-
tion was assessed to ensure proper implementation of
treatments. Any gross deviations were brought to the
researcher’s attention and remedied immediately.
During each observation the observer completed a
curriculum implemeéntation checklist. Two forms of
the checklist were used, one for the ATCD group and
one for the ATB group. ‘

Student success rate. Students in both groups com-
pleted daily independent work in class. On a few
~ occasions, students completed independent work as
homework. This occurred either when a student was
absent or when an individual student was unable to

complete the seatwork in the time allotted during the.

class period. Thus, the completion rate for students in

both groups was close to 100%. To obtain a measure of

on-going student success with the material, the mean

percent correct for each group was calculated for four
“unit tests completed every fifth lesson.

Student questionnaires. At the end of the study, a
two-partstudentattitude questionnaire was completed
by each student. On the first half, the items queried

~ students on how well they liked working ratio prob-
lems, how well taught they thought the material was,
and their perception of their own ability to work the
problems. The second half of the questionnaire con-
tained short-answer questionsand asked students what
they liked best about the instruction, what they liked

+ least about the instruction, and what they felt could
have been done differently.

Teacher questionnaire. The curricula were taught by

“four experienced teachers, one of whom was the re-
searcher. Three teachers, excluding the researcher,
completed a questionnaire at the end of the study. The
short-answer questions asked the teachers to compare
and rate the two programs, the ATB and ATCD.

Instructional Materials

Active Teaching with Basals. The ATB curriculum
closely followed the Active Teaching paradigm articu-
lated by Good, Grouws, and Ebmeier (1983). Each
lesson began with 5 to 10 minutes of predevelopment,
during which time the previous day’s seatwork was
corrected and the teacher led a brief review of the
previous day’s material. Following predevelopment,
the teacher stated the objective for the current lesson

and presented the material using short explanations
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- and modeling with examples on the blackboard or

overhead projector. Students were then asked 2 to'4
product questions, with an explicitly stated criteria of
80% correct responses for the teacher to determine if
reteaching was needed. Two to 4 process questions
followed, again with explicit specifications for a pass-
ing criterion and reteaching. Students then worked
several controlled practice problems, either on written
handouts or from examples displayed on the black-
board or overhead projector. If 80% of the students
were able to correctly work the controlled practice
problems, studentsbegan theirindependentseatwork.
The seatwork was designed to take approximately 15
to 20minutes to complete, so thateach lesson lasted ap-
proximately 50 minutes, the same length of time as an
ATCD lesson. The number of problems students were
asked to respond to, either orally or written, was
approximately the same number as that presented in
the ATCD group. Asrecommended, and in maintain-
ing consistency across the two curricula, a unit test
covering material from the previous four lessons was
presented every fifth lesson. On these days, the lesson
began with predevelopment, then students completed
the unit test for the remainder of the class period.

Materials for the ATB groups included an instruc-
tional guide for the teacher, student worksheets and
answer keys, and an overhead projector. The instruc-
tional guide wasdivided into 16 daily lessons and four
unit tests. For each lesson the guide contained semi-
scripted material for teaching— specific examples to
model for the students and specificquestions to ask the
students. The material included correction
procedures,which were used depending on the per-
centage of students responding incorrectly to a ques-
tion. Problems to use in guided practice were also
provided.

The content in the ATB curriculum was derived
from four general math and pre-algebra basal text-
books which were currently on theapproved textbook
list for the state of Oregon. The'rincluded: (1) Science
Research Associates (SRA) Math, Level 7, {2) Heath
Mathematics, Level 8, (3) HB] Math Level 7, and (4)
Houghton-Mifflin Essentials for Algebra. The content
wasdesigned to match the ATCD curriculumasclosely
as possible in terms of topics covered and the amount
of practice students received. The strategies and spe-
cific examples that were used were those found most
consistently throughout the four basal series.

Active Teaching with Empirically-Validated Curricu-
Ium Design. An entire ratios videodisc lesson is de-
signed to take approximately 50 minutes to complete.
Unless the lesson is immediately preceded by a test, it
begins with predevelopment: ashortquizcovering the
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previous day’s lesson. The quiz takes approximately
10 minutes for students to complete: If student per-
formance on the quiz meets the suggested criterion of
80% accuracy, the current lesson is presented. If the
group’s performance does not meet the suggested
criterion, portions of the previous lesson may be re-
viewed.

Each lesson included 5-15 minutes of explanations

and models of problems interspersed with controlled
practice problems and both process and product ques-
tions presented to the students. Depending on the
group’s performance on key items, the teacher may
replay certain segments of the lesson to reinforce a
concept. Students then complete independent seat-
work. Every fifth lesson in the videodisc programisa
unit test covering material presented in the last four
lessons. Depending on the group’s performance on
each section of the test, segments that provided in-

- struction in the specific problem areas from the previ-

ous four lessonsmay be replayed. Replayed segments

~ of the videodisc program that occur during the quiz-

.practice, and

zes, lessons, or tests are called remedies.

The design of the ATCD curriculum is based on the
principles of instructional design articulated by Engel-
mann and Carnine in Theory of Instruction: Principles
and Applications (1982). Engelmann and Carnine dis-
cuss several important curriculum design principles
that were incorporated in the ratios videodisc pro-
gram: (1) instruct in small steps, (2} provide instruc-
tion that builds on previously learned material, (3)
teach explicit rulesand problem-solving strategies, (4)
maintain a quick pace of presentation, (5) intersperse
the instruction with frequent questions to maintain a
high level of attending behavior and to provide a
constant check on student understanding of material,
(6) provide immediate systematic feedback, (7) main-
tain a high level of student performance and provide
reteaching when necessary, (8) present a range of

-examples and include nonexamples for discrimination

practice, (9) provide lots of opportunities for student
(10) include frequent review, both
immediate and cumulative. The program was the
result of several extensivefield tests of earlier versions.

Materials for each ATCD group included: (1) a
Pioneer 7000 videodisc player, (2)a 30" TV monitor,
(3) the Ratios videodisc program (Systems Impact,
Inc., 1987) consisting of 3 double-sided discs, (4) the
teacher’s instructional material, (5) photocopies of
student worksheets for each day, (6) lined paper for
student’s in-class written work, and (7) red pens or
pencils for students to use when they corrected their
written work. Theinstructional material for the teacher
consisted of information on using the equipment and
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discs, a reference sheet of all the disc addresses for
chapters and lessons, test summary sheets, an instruc-
tional guide on how to use the videodisc program, and
answer keys.

Comparison of the two curricula. Both groups used
what research has shown to be effective teaching
methods. Teaching componentsthat weresimnilaracross
the two curricula included: (1) integrating modelsand
demonstrations in the instruction, (2) interspersing
questions to students during instruction, (3) provid- °
ing structured guided practice before beginning inde-
pendent work, and (4) providing students with daily
independent seatwork. Additional components that
were similar across the two curricula included: rapid
pacing, ensuring student mastery before continuing,

. providing immediate feedback that was systematic,

and monitoring students during independent work
times.

Theprimarydifferencesbetweenthe ATBand ATCD
curricula, other than the respective mediums used to
deliver the instruction, are found in the curriculum
design features of each. While the ATCD curriculum
taught students explicit strategies, the instructional
method in the ATB curriculum did not teach explicit.
strategies for many problem types. For example, in
teaching students how to determine whether informa-
tion given in a problem was relevant or not, students
were told simply to ask themselves: “Is this informa-
tion important?” A strategy for determining the rela-
tive importance or unimportance of information was
not presented. Students in the ATB group were also
taught several procedures for solving a problem type,
as opposed to being taught a single procedure that
could be used across a variety of problem types. The
procedures were also not taught in small steps. For
example, to find a percent of a number in the ATB
curriculumstudents were taught three different strate-
gies in their entirety in a single lesson. Students were
taught to: (1) change the percent to a fraction and
multiply, (2) change the percent to a decimal and
multiply, and (3) write and solve a proportion. Rather
than building on prior instruction, these sirategies
were presented in isolation for this particular problem
type. In the ATCD program, teaching students to find
the unknown value in a simple ratio word problem
was broken into many discrete. steps, each taught
individually untilstudentshad demonstrated mastery
of the step. Teaching the entire strategy spanned
several lessons. Once this strategy was taught, it was
applicable across any type of ratio or proporhon word
problem, including percents.

The ATCD curriculum provided students with
discriminationpractice. Students practiced applyinga
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newly learned strategy until they demonstrated mas-
tery in solving problems with that strategy. These
problem types were then mixed with previously-

" learned problems employing different strategies so

that students could learn to discriminate between the
correct application of different strategies. The prob-
lems in the ATB curriculum in a given lesson were

* typically all the same type and employed the same

strategy so students were not taught to discriminate
among problem types.

Results
Student Acquisition

As shown in Table 1, students in the ATCD group
obtained a mean of 17.15 (82%) on the posttest, com-
pared with a mean of 13.88 (66%) for the ATB group.
Onthe maintenance test, the mean for the ATCD group
was 15.23 (74%). The ATB group’s mean on the main-
tenance test was 14.13 (67%). A t-test performed on the
ATCD group’s post and maintenarce test scores
showed the drop in scores to be non-significant. A2X
2 analysis of variance was conducted on results from
the tests. The between-subjects factor was the type of
instruction and the within-subjects {repeated) factor
was the time of test (postand maintenance). A signifi-
cant interaction was found; F=3.98, p=. 05. A testof
simple main effects favored the ATCD group over the
ATB group on the posttest; F (1, 27} = 4.2, p < .01. The
ATCD group’s performance on the maintenance test
was higher than the ATB group’s, but the difference
was not significant.

Prior to the start of the study, all students completed
a 10-item pretest. This test contained a sampling of
items involving ratios and proportions similar to those
found onthe post and maintenance tests. Asexpected,
all students scored very low on the pretest. The mean

. was.9 witha range from 0 to 2. Thisis equivalenttoa

mean of 9% correct.

There were significant increases from the pretest
mean of 9% to the combined posttest mean of 73% and
the maintenance test mean of 70%. Figure 1 shows the
percent correct for the two groups on the pretest,
posttest, and maintenance test.

The number of studentsin each of the two treatment
groups who reached an acceptable performance crite-
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Figure 1, Mean Percent Correct Scores on the Pre,
Post and Maintenance Tests for ATCD and ATB
Groups, :
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rion was calculated, and a Chi-square performed. An
acceptable criterion was defined as 17 out of 21 correct
(i.e., roughly 80% or more correct).

In the ATCD group, 10 of 13 students (77%) reached
the acceptable criterion. Inthe ATB group, only 7 of 16
students (44%) reached anacceptable level of perform-
ance. The Chi-square was 3.25, approaching
significance; p=.07. '

Classroom Variables

The ATCD group’s on-task behavior averaged 76%.
during observations over 14 days, higher than the
mean of 68% observed over 13 days in the ATB group.
The ATCD group wasoff-task less than the ATB group;
10% for the ATCD group compared to 20% for the ATB
group. Table 2 shows the attending data for the two
treaiment groups. .

Implementation levels were high for both groups.
During the 13 observations for the ATB groups, there
were 6 incidences of inappropriate implementation.
During the 14 days in which ATCD teachers were
observed, there were 4 instances of inappropriate
implementation. None of these instances was signifi-
cant.

Table 1. Means, Standard Deviations, and Mean Pefcent Correct Scores on the Posttest and Maintenance Test

_ Posttest Maintenance Test

Curriculum Program N M 5D M% N M SD M%

ATCD 13 17.15 212 82 13 15.23 3.00 74
_ATB 16 13.88 3.85 66 16 14.13 3.85 67
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Students’ mean percent correct was calculated for

“the four weekly unit tests that occurred every fifth

lesson (5, 10, 15 & 20). Figure 2 graphically depicts the
two groups’ performances on the unit fests.

A trend analysis showed a significant linear trend
for the ATCD group and the ATB group; p < .001. A
visual analysis shows the trend for the ATBgroup tobe
downward. -

Table 2. Summary of Attending Behavior for the
ATCD and ATB Groups.

Percent of Time Behavior Observed for

Each Category
Group  On-Task  Off-Task Other
ATCD 76 10 14
ATB 63 20 12

For each question on the student questionnaire, a 2

X 3 (Group by Rating) Chi square was calculated.

Significance below the .05 level was indicated only for

Question 6: “How well do you think you can work

ratio word problems?” Twenty-five percent of the

~ ATB group rated their ability to work ratio word

problems as “not well”, while no one in the ATCD

group responded with “not well” to this question. All

students in the ATCD group felt either “O.K.” or

" “Great” about their ability to work ratio word prob-
lems, compared to 75% of the ATB group.

Onquestionnaires completed at the end of thestudy,

the teachers consistently stated that they believed the

ATCD program to have better curriculum design and

ISC—Continued-

Figure 2. Percent Correct on Unit Tests for ATCD
and ATB Groups.
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that it was easier to teach the curriculum using the
ATCD program. Teachers noted that the ATCD stu-
dents required less help when they worked independ-
ently. This observation is consistent with the percep-
tion that the strategies they were asked to present to
students in the ATB approach were confusing and
inconsistent. One teacher stated that she was not
comfortable with the problem-solving strategies used
in either approach. Although teachers enjoyed the
increased interaction with the students afforded them
in the ATB curriculum, they felt that students were
better able tolearn from the ATCD curriculumbecause
of the dynamic examples and consistency in use of
teaching strategies. The teachers were also able to
circulate and give feedback more in the ATCD treat-
ment.

Discussion

Both the ATCD group and the ATB group made
substantial performance gains from the pretest to
posttest. In fact, the six students from the special
education class who participated in the study ended
up comparable to regular education students on the
posttest, regardless of treatment condition. The six
students obtained amean of 15 out of 21, or 71%, on the
posttest. A group of 28 general education students
who had received prior instruction in ratio and pro-
portion word problems completed the same posttest.
Their mean was 15.8 outof 21,or 75%. This finding has
important implications for mainstreaming, inthathigh
school learning disabled students can learn in a gen-
eral education mathematics classand achieveatalevel
comparable to their non-handicapped peers.

Students in the ATCD group scored significantly
higher than studentsin the ATB group on the posttest,
and insignificantly higher on a maintenance test
administered two weeks later. The only difference
between the two groups were the mediums used to
deliver the instruction and the curriculum design of
the two programs.

Past research has consistently shown no effect on
student learning for different types of technology used
for instruction (Clark, 1983). In one study, Hassel-
bring, Sherwood, and Bransford (1986} specifically
showed that students in both an interactive videodisc
group and in a teacher-led group where the curricula
incorporated the same curriculum design features
performed significantly higher than students who were
taught from curriculum that did not incorporate the
same design features. More relevant to the current

study was the finding of no significant difference in

performance between the videodisc group and the
teacher-led group that incorporated the effective cur-
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riculum design principles. Thus, the differences be-
tween the groups’ performances are probably attribut-
able to differences in the curriculum design.

Inboth theHasselbring, etal., (1986) and the present
study the demands on teacher time have important
practical implications. Although Hasselbring and his
colleagues (1986) found no difference between a
teacher-taught and a videodisc group when curricu-
lum design and instructional variables remained con-
stant, it was noted that the demands placed on the
teacher in terms of pacing, monitoring and the number
of examples to present may have been excessive with
the print program. In fact, the teacher was physically not

‘able to parallel the videodisc curriculum withoul the help of
a half-timeaid. Thus, the videodiscis able to do what it
takes11/2peopletodo. Similarly, in the present study
the ATB curriculum took about two weeks to prepare.
The best explanations and examples from the four
basal programs were identfied’and then placed in the
context of an Active Teaching program. The resulting
program was more than three times as extensiveas the
most completebasal treatment of ratio and proportion.
Expecting teachers to spend two full weeks to prepare
20 math lessons (as was the case for ATB treatment) is,
however, unrealistic. In contrast, the ATCD treatment
reduced both presentation demands (Hasselbring et
al.,, 1986) and preparationdemands (the present study).

Differences in curriculum design appear to have

~ had a major impact on student performance. The lack

of application of these principles likely contributed to
the weaker posttest and maintenance test scores by the

ATB group, as well as their increasingly poor perforn-

ance on the unit tests. It is important to note that the
principles apply to a range of technology and print
applications {e.g , Carnine, in press), not just the vide-
odisc.

Curriculum design features that were unique to the

ATCD program included: (1) teaching explicit strate-

eodisc—cContinued

gies in small steps, (2) a consistent use of strategies,
and (3) including a large number and range of ex-
amples. The individual effects of each of these vari-
ables were not separated out in this study. However,
itis clear from this and other research that empirically-
validated curriculum design principles can clearly
contribute to.a quality education for remedial and
learning disabled students. ¢
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A good deal of special education services are pro-
vided by paraprofessionals in classrooms, homes,
‘nursing homes, and group homes. Paraprofessionals
are often asked to implement complex behavior
~ management and -instructional programs (Singet,
" Sowers, & Irvin, 1986). One particularly complex
implementation problemisin working with those who
~ survive traumatic head injuries. Many of these indi-
viduals live in group homes or nursing facilities fol-
lowing discharge from a hospital. In these settings,
nurses aides are the paraprofessionals most often
* working with clients in an array of ‘self-help and
. instructional programs.
Most of these paraprofessionals receive minimal
training prior to working with clients. The high turn-
over rate among paraprofessionals and high cost of
- training make it difficult and frustrating for adminis-
" tratorstoprovide consistentstaff training (Lakin, 1988).
“However, untrained staff cannot be expected to pro-
vide quality instruction to clients. A definite need

exists for training rehabilitation paraprofessionals so
" that they can become effective instructors. However,
to be utilized this training cannot be very labor inten-
. sive or costly. '

This report describes and evaluates a program for
training paraprofessionals in instructional techniques
for working with head-injured clients. Computer
assisted video instruction {CAV1) was used to provide
examples of instructional techniques combined with
computer-generated interactive questions. Video

-examples showing teachers using specific techniques
with the head-injured clients provided clear demon-
strations of how the procedures should be imple-

‘mented. The trainer could replay the examples as

_needed. In addition, the CAVI lessons incorporated
frequent assessment of the trainees’ understanding of
material recently covered and provided specific cor-
rective feedback and remediation loops errors. Finally,

¥This research was funded, in part, by Grant # GO0B530286 between the
Oregon Research Institute and the 1.5, Dept. of Education. The views
expressed int this report do not necessarily reflect those of the funders,
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trainees were provided with CAVI review of critical
teaching skills.

Based on a review of the staff development litera-
ture, we concluded that other training mightbe neces-
sary toinsure that the paraprofessionalsused theskills
they learned when actually working with the clients
{Burchard & Thousand, 1988). Coaching has been
documented as an effective way to ensure that teach-
ers transfer new teaching skills and strategies into
their classroom repertoire (Carnine & Gersten, 1985;
Joyce & Showers, 1980, 1982).

Central to the the CAVI training lessons was a focus
on Engelmann’s the firming procedure (Engelmann and
Carnine,1982). The firming procedure was designed
for use with severely handicapped individuals. The
procedure providesthe teacher or aide withasequence
for alternating new material with previously learned
material. Preliminary results by Falco (1983) suggest
that the firming strategy is an effective procedure for
teaching new responses and information to learners
with memory deficits, and may be more efficient than
massed practice for teaching these individuals. Fur-
thermore, pilot research with traumatically brain-in-
jured aides indicate that the firming procedure was an
effective strategy for this population (Glang, Singer &
Kurlychek, 1987). .

The three core components of the procedure are
based on a solid body of instructional research. Re-
searchers have documented the importance of distri-
bution of trials involving the new item with easily
discriminated tasks involving previously learned .
material (Carnine, 1978; Cuvo, Klevans, Borakove,
VanLanduyt & Lutzker, 1980; Dent & Johnson, 1964;
Hovland, 1940). The firming procedure requiresrapid
pacing of instruction, a factor which has been shown.
toincrease theacquisitionrateof new material (Carnine,
1976: Koegel, Dunlap & Dyer, 1980). The procedure
also stresses the importance of maintaining high rates
of learner success, a variable also found to correlate
with increased acquisition and retention of newly
learned information (Weeks & Gaylord-Ross, 1981;
Falco, 1983; Gersten, White, Falco & Carnine, 1982).

This study evaluates the effects of CAVIon parapro-
fessionals’ implementation of the firming strategy by
using a multiple-baselinedesign.Inaddition, the study
explores the paraprofessionals’ maintenance of the
teaching skills across time, and explores the impact of
coaching on the paraprofessionals. Finally, the study
investigates the paraprofessional’s attitudes towards
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CAVI, and the impact of the firming procedure on
clients.

Participants
The participants in this study were three parapro-
fessional aides, a client of each aide, and the trainers
“who coached the aides. The three paraprofessional
aides worked as house managers in one of three group
. homes for head-injured clients. Their primary respon-
sibilities in the group homes were scheduling other
staff, managing house finances, and working with
clients on cognitive and daily-living skills with their
clients. None of the aides had received any formal
training in teaching techniques.

The three dlients were men between the ages of 22
and 32, one from each of the three group homes for
head-injured individuals. Each client had sustained a
severe head injury secondary to a motor vehicle acci-
dent and exhibited significant learning and memory
deficits. On a standardized assessment of memory
ability, the Wechsler Memory Scale (Wechsler & Stone,
1545), all three clients scored in the severely impaired
range (below the20th percentile). Ondelayed portions
of the test (administered 30 minutes after the initial
presentation), each client ‘s score fell below the 1st
percentile, indicating that no client remembered any
information from the initial presentation.

Following the initial training session (in which the
aides viewed a CAVI lesson), the aides were ¢oached
by one of two trainers, the researcher or a research
assistant. Both trainers had experience in teacher train-
ing and supervision at the university level; both had
previously taught head-injured clients. The trainers
were randomly assigned to aides. To insure that both
trainersutilized similar coaching techniques, the train-
ers agreed upon a standardized coaching format prior
- to beginning their intervention.

Procedures

The firming procedure controls teaching examples
so that the learner first practices target examples in an
‘easy context (repeated examples of the task) and then
practices the examples in increasingly more difficult
contexts. The procedure has three stages. In stage 1,
repeated examples of the new task are presented. In
stage 2, trials on the new task are mixed with trials on
a familiar task (e.g., the target task, “What's your
phone number?” might be followed by a familiar task,
“How old are you?”). In stage 3, the new task is
interspersed with several trials using familiar tasks.
Tasks are presented in rapid succession to reduce the

effect of time as an additional interference variable.
The learner progresses from level-to-level by re-

sponding correctly to the target task three or four times
in a row. If the learner makes an error, the instructor
returns to an easier level. Thus, the firming strategy
adjusts the difficulty of the demands for memory and
discrimination according to the learner’s perform-
ance.

The firming strategy calls for aminimumof 12 trials,
and additional trials are added if the learner makes an
error. Interspersed tasks must be familiar ones (i.e.,
tasks at which the learner can succeed), and only 1,2,
or 3 tasks are interspersed between trials on the in-
structional task. Figure 1 illustrates the three levels of

the procedureand how errors are corrected (theclients

already know tasks A, B, and C; the new task is desig-
nated by X).
Figure 1. Graphlc Representation of the Flrmmg
Procedure.

Format 1. Learner
makes no errors

Format 2. Example of
" Correction Procedure:

Steps Learner makes error on
1, XXX sixth trial on new task (%).
2, AX CX BX Steps
3. BCX ABX CAX 1) xxx
4. ACBX BCAX CABX (2) BX CX AX
(3) CBX ABX (error made)
(correction loop)
1. xxX
2. CX aX BX
3. BAX CBX ACX
4. CBAX BACX ACBX

Instructional Tasks

Prior to the baseline phase, the researcher evaluated
each learner and met with group home staff to select
appropriateinstructional tasks based on each Iearner’s
individualrehabilitation goals. All threeclientsworked
on remembering their phone number, their address,
and the name of one group home staff member. Only
one task was tracked throughout the study: remem-
bering their phone number.

CAVI Training Materials

The CAVI lesson presented the firming procedure
using video examples of aides teaching head-injured
learners. In the lesson, information about how to use
the procedure and why it was effective was integrated
with frequent questions to test the aide’s understand-
ing of the material. A series of review questions
appeared at the end of the lesson.

The instructional equipment consisted of an Apple
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Ile computer, a black and white monitor, a video re-
corder, and a color television set. The microcomputer
and video recorder were connected with an interface
card (produced by BCD, Inc.). Instructional sessions
took placeatthe head-injury rehabilitation clinic where
each client received daily speech and occupational
therapies.

Design

A multiple-baseline-across-aides design was used
to assess the extent to which aides demonstrated pro-
ficiency with the firming procedure. Aides were trained
sequentially; i.e., Aide 2 entered training after Aide 1
demonstrated mastery of the firming procedure.

There were four experimental conditions: baseline,
CAVI training, coaching, and maintenance. All in-

" structional sessions were videotaped. Duringbaseline,
aides were told to “work with theirlearner to help him
remember” the instructional tasks. The experimenter
did not observe these sessions or intervene inany way.

After establishing baseline performance, each aide
attended the 90 minute CAVI training session. Aides
were told to begin using the firming procedure after
viewing the CAVI lesson. Instructional sessions fol-
lowing the CAVI lesson were held daily and lasted
approximately 20 minutes. The aides received no
assistance in implementation during this phase, and
were told to keep track of their learner’s progress on a
daily data form. ‘

During the coaching phase, aides continued to work
with their learners on the pre-arranged tasks. The
coach observed the instructional sessions an average
of twice a week during this phase. Each observation
session usually began with an analysis of the aide’s
collected data from the previous sessions. The coach
and the aide discussed the learner’s progress and
talked about ways to improve the learner’s accuracy
and retention of instructional material. Thecoachthen
observed the aide teach, took data on the learner’s
accuracy and then discussed the instructional presen-
tation and its effects on the learner.

During the maintenance phase, eachaide continued

to work independently with their learner during daily
scheduled times at the rehabilitation facility.

Measures

A trained observer viewed videotapes of each aide
and their learner during randomly selected sessions
and coded both the aide’s questions and the learner’s
responses. Three measures of aide performance were
taken during each of the observations: {a) percent of
appropriatestepsinthe firming procedure, (b) percent
oflearner errorscorrected appropriately (this included
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ratings for complete corrections as well as any attempt
at a correction), and (¢} instructional pacing.

The observer also tracked the learner’s perform-
ance by keeping data on the learner’s accuracy level
and his performance on daily probes. The percent
correct for acquisition trials was calculated by dividing
the number of target task trials responded to correctly
by the total number of target task trials presented in
each session. Retention was tested at the beginning of
the next session. -

In addition to the observational measures, a knowl-
edge test {pre and post) was used o measure aide’s
understanding of the firming procedure and the ra-
tionale behind it.

Reliability. Interobserver reliability checks weremade
on 21 of the 57 videotaped observations (6 to 8 obser-
vations for each aide). Reliability was calculated by
dividing the number of agreements by the number of
agreements plus disagreements. Reliabilities for the
following four measures averaged as follows: aides’
implementation of procedure (96%), learner accuracy '
(94%), total number of learner responses (98%), learner
performance on probes (100%)- '

Results
Implementation of the Firming Strategy

The primary purpose of this study was to evaluate
the effects of computerassisted video instruction(CAVT)
on the paraprofessionals’ use of the firming procedure.
Implementation of the firming strategy is graphically
presented in Figure 2. Baseline measures were consis-
tently at zero for allaides. None of the threeaides used
a procedure which was in any way similar to the
firming strategy during the baseline phase. While all
three aides provided massed practice on each task
during baseline (between 2 and 20 trials during each
session), none of the aides used spaced or distributed
practice to facilitate retention.

The effects of the 90 minute CAVI training were im-
mediate for all three aides. After viewing the CAVI
lesson, two of the aides were able to implement the
firming strategy at acceptable levels of 90 to 100 per-
cent on a consistent basis. Aide 3 demonstrated profi-
ciency with the procedure on the second day of the
CAVI phase and continued at a high level for three
more days. During the CAVI phase, Aide 1 imple-
mented the procedure with 99% accuracy, Aide2 aver-
aged 08%,and Aide 3 averaged 88.8%.

Performance did not improve during the coaching
phase. However, only Aide 3 fell below an acceptable
implementation level of 85% more than once during
this phase. Slight variability is present in the coaching
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Figure 2. Implementation of Frocedure

Figure 3. Instructional Pacing
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and maintenance phases for all three aides.

Instructional Pacing

The pacing of each observed instructional session
was measured by dividing the number of learner re-
sponses by the number of elapsed minutes in each
observation. Instructional pacing data for each aide
are presented in Figure 3. The shaded area between 10
and 15 responses per minute indicates an acceptable

" level for instructors of learners with severe cognitive
impairment (Koegel, Dunlap & Dyer, 1980).

Baseline measures were consistently low for all
three aides. All three aides presented tasks at the rate
of approximately 4 to 5 responses per minute. After
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Instructional Sessions

viewing the CAVI lesson, in which quick presentation
of cognitive tasks was stressed, each aide made signifi-
cant changes in their instructional pacing.

During the coaching and maintenance phases, Aides
1 and 3 maintained stable mean presentation rates of
15.2and 16.1 (Aide1)and 10.%9and 10.7 (Aide 3}, within
the acceptable range. Although the trend of the datain
the CAVI phase for Aide 2 suggests an increase in
presentation rate, during the coaching phase, Aide 2's
pacing decreased substantially .

During the maintenance phase, Aide 2's pacing
level varied considerably fromsession to session. This
variability seemed to be related to interspersed tasks
used during the maintenance phase. She tended to
include very difficult tasks (e.g. “Look up the phone
number for a department store in the phone book”).
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_ These tasks took a great deal of time for the learner to
complete and thus greatly influenced the pacing data
for this phase.

Corrective Feedback to Learners

- Amajor component of the firming procedure is the
provision of corrective feedback. However, all three
+ learners made so few errors during the CAV], coach-
ing, and maintenance phases that the paraprofession-
als had few occasions for using any type of corrective
feedback during these phases.

Learner Performance

- Twomeasures of learner performance were used to
determine the effects of each aide’s implementation:
(a) the percent correct during acquisition trials, and (b)
performance on retention measures..

Acquisition. Figure4 presents the accuracy data for

. each learner during each instructional session across
all four phases. During the baseline and maintenance
phases, all three learners varied somewhat in their
overall accuracy levels. In general, the learners were
quite accurate (100% correct on most days} in their
responses during the CAVI and coaching phases.

The patterns for all three aides show a relationship
between level of implementation and learner accuracy.
(Compare Figures2 and 4.) During the baseline phase,
no aide used the firming procedure, and none of the
learnerswereconsistently accurate on acquisition trials.
During the CAVI and coaching phases, all three para-
professionals maintained high levels of implementa-
tion, and their learners accuracy levels were higher. In
the maintenance phase, the data points for learners
depict a similar pattern; on most days, the learner’s
accuracy level varied with the aide’s implementation
level.

Retention. Daily probesoccurred at the beginning of
each session to measure the learner’s retention of in-
structional material acrosssessions (i.e., 24 to 72 hours).
A probe response was considered correct only if the
learneranswered accurately withoutany prompts. No
clear effects were seen in this measure. The clients of
Aides 1 and 3, the most severely impaired of the
clients, never gave the correct response on the daily re-
tention probe. Aide 2’s client, the least cognitively
impaired, appeared to improve over time on daily
probes; he was never correct during the baseline phase,
25 % correct during CAVI, and responded correctly to
100% of the retention probes during the coaching
phase. However, when a new task was introduced
during the maintenance phase (because he had mas-
tered the original one}, he was again unable to respond
correctly onany of the retention probes.
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Figure 4. Client Accuracy During Acquisition
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Instructonal Seasions

Knowledge Test
Two knowledge tests were administered to aides to

- measure their understanding of the firming procedure

and the rationale behind it. The ten questions on the
pretest included items relating to the use of interfer-
ence tasks, instructional pacing, and reinforcement .
Items on the posttest included all of the pretest ques-

 tions plus ten additional questions of a more specific

and technical nature.

All three aides scored ator below 50% on the pretest.
On the posttest (which aides completed after viewing
the CAVT lesson), all aides scored at or above 85%,
indicating that the CAVI lesson effectively presented
the information.
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Social Validation Measure

In an effort to socially validate the direct measures
of the aide’s implementation of the firming procedure,
they participated in an interview and completed an
attitude survey. In general, the paraprofessionals’ atti-
tudes were positive towards all three aspects of the
training program. Each of the paraprofessionals felt
that CAVI was an effective way to learn the firming
strategy. They each stated that the lesson was enjoy-
able to watch and presented the information clearly.
Each of the aides stated that the firming procedure was
useful in helping their learners to remember informa-
tion and that they would continue to use the procedure
after the completion of the study. However, two of the
aides felt that the firming procedure had some disad-
vantages: Aide 2 felt that the procedure was too repeti-
tive, and Aide 1 felt that it was too time-consuming.
All three aides felt that the assistance they received
from their coach was helpful, butonly two of the three
paraprofessionals felt that this assistance was neces-

sary.
Discussion

After one 90 minute CAVI session, the paraprofes-
sionals learned the firming strategy quickly and were
able to implement it with their clients at acceptable
levelsof 85-100 percent. The CAVIlesson also appears
to have been a factor inachieving dramatic increases in
the aides’ instructional pacing rates. After viewingthe
lesson, all three aides increased their presentation rate
significantly (from approximately 5 responses per
minute to 10 or more responses per minute), and these
presentation rates were maintained consistently by
two of the aides for the remainder of the study. The
increases in aides’ presentation rates are particularly
important because instructional pacing influences the
degree to which learners acquire and retain instruc-
tional material (Koegel, Dunlap & Dyer, 1980).

The procedure used was probably easier to master
than other more involved teaching techniques dis-
cussed in reviews by Joyce and Showers (1980, 1982).

In their study, Singer, etal., (1985) found thatalthough
an aide was able to implement several simple instruc-
tional procedures after one viewing of a CAVI lesson,
the aide was unable to implement a more complex
correction procedure after only one viewing.

The ultimate criterion for evaluating the effects of
any staff training program is improvement in learner

- performance (Sparks, 1983). In this study, the impact
of the staff development program on the learners is
mixed. The data clearly show that learner accuracy
increased after theaides began implementing the firm-

ing procedure. However, learners did not make sig-
nificant gains on daily retention probes givenat the be-
ginning of each day.

The learners’ poor performance on retention probes
indicates that the 5-minute daily sessions of the firm-
ing procedure did not significantly affect the learners’
ability to retain information over a 24-hour period.
Thelack of long-term retention is a cause of concern. It
is clear that the one five-minute session per day did not
provide the learners with sufficient practice on the
target task (about 12 trialsa day). Learners with severe
memory problems often require many trials in order to
retain new information (Ben-Yishay & Diller, 1983). In
addition, the amount of time between the instructional
sessionand the delayed probe (24 - 72 hours) waslikely
too long. Oninitial assessments, none ofthese learners
was able to recall information presented 30 minutes
earlier.

Although the design of this study does not permit
general conclusions about the effectiveness of CAVI
and coaching, the results do have several implications
for individuals involved in designing staff training
programs. :

The results suggest that CAV1is an effective means
for training para-professionals on fairly specific teach-
ing techniques. CAVI'sinteractive capabilities make it
possible to design lessons which incorporate impor-
tant principles of instructional design. For example,
carefully selected examples and non-examples can be
used to illustrate the salient features of a given tech-
nique. The CAVI lésson can also incorporate frequent
assessment of trainee’s understanding, and can pro-
vide specific feedback and remediation when errors
oceur. Finally, CAV1 canprovide trainees withareview
of critical skills, and the lesson can be shown several
times if necessary.

Although CAVI may be an effective vehicle for pre-
senting information on some teaching procedures, it
may not be sufficient, inand of itself, for training staff
in more complex skills. Research by other staff devel-
opment specialists suggests that practice and coach-
ing may play more important roles in training staff in
more complex skills. ¢
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