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EM?@W@ Alternative Fr:

by Anbanithi Muthukrishna
Doug Carnine

Bonnie Grossen

Sam Miller

University of Oregon

Over the past decade, there has been considerable
international interest, within science education, in
children’s ideas'about natural phenomena (Hills,
1989; Driver, Guesene, & Tiberghein, 1985; Osborne
& Freyberg, 1985). The focus has been on exploring
ways in which children seek to explain the world,
and on the implications for science teaching. The
findings of the numerous studies, as summarized by
Osborne and Wittrock (1983}, Driver and Erickson
(1983) and Gilbert and Watts (1983) are the follow-
ing:

1. From a young age and prior to the formal
Iearningofscience, childrenhaveideasabout
a variety of scientific phenomena. -

2. Children’s views are often significantly dif-
ferent from the scientist’s view, and these
views are often not known to the teachers.

3. These ideas are part of a conceptual frame-
work that provides a sensible and coherent
understanding of the world from a child’s
point of view,

The ideas children hold have been described by a
variety of terms, such as “misconceptions” (Novak,
1983), “children’s science” {(Gilbert, Osborne, &
Fensham, 1982}, “alternative frameworks” {Hewson,
1985), “preconceptions” (Osborne & Freyberg, 1985),
“naive beliefs” (Caramazza, McClosky, & Green,
1981), “mini-theories” (Claxton, 1987}, “untutored
beliefs” {Hills, 1989), “intuitive notions” (Bar, 1989),
and “informal knowledge” (Prawat, 1989}, We will
refer to these views as alternative frameworks.

Several studies have documented the finding that
children’s alternative frameworks are extremely re-
sistantto change (Anderson & Smith, 1987; Gunstone,
Champagne, & Klopfer, 1981; Linn, 1983; Linn &
Burbules, 1988; Schneps, 1987). Although students
may acquire the scientist’s view, they do not modify
their prior conceptions.

Because instruction has not been successful in

*Reprinted from Journal of Research in Science Teaching (in press).
Copyrighted 1991 by John Wiley & Sons. Reprinted by permission
of authars.

removing alternative frameworks, many researchers
have concluded that these alternative frameworks
mustbedirectly addressed in the instruction. Schneps
(1987), for example, concluded that unless the mis-
conceptions of students are directly addressed in
instruction, they will not be free from their “private
universe of half-understood ideas.”

In recent years, the interest in how the learner
constructs meaning has led researchers to neglect
consideration of the role of curriculum design factors
in promoting conceptual change. It is possible that
one of the major causes of alternative frameworks is
the failure of science curriculum to present the con-
tent coherently to the learner. According to Tyson
and Woodward (1989), American textbooks are “en-
cyclopedic” or “compendiums of topics,” none of
which are covered inmuch depth. These authorscite
data to show that science textbooks from grades 6 to
9 containas many as 2500 new and unfamiliar words—
this figure is double that which is found in a foreign
language text for the same grades. Yager (1983)
conducted a study of 25 K-12 science textbooks and
found that one sixth-grade text contained 3400 tech-
nical words, a junior high school text contained 4600
technical words, and a high school biology textbook
contained 9900 technical words. Pauling (1983} found
that first-year college and secondary school chemis-
try books contained a tremendous amount of infor-
mation presented at an extremely advanced, theo-
retical level, but treated so superficially that it could
never be understood by the student. Rothand Ander-
son (1988) state that, to cope with the barrage of ideas
presented in textbooks, students rely on strategies
that emphasize memorization of facts and defini-
tions of lists of “big words,” rather than on strategies
that foster conceptual understanding.

The excerptin Figure 1is representative of typical
science textbook information. It overloads the stu-
dents with a large number of unrelated, abstract
concepts. As Linn (1987) points out, when the con-
ceptions being taught are too complicated to fit into
the processing capacities of students, alternative con-
ceptions may emerge.

Eylon and Linn (1988) emphasize the value of an
integrated, in-depth coverage of science topics that
shows students the value of coherent perspectives.
In-depth coverage can elaborate incomplete ideas,
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Alternative Frameworks—Continued

Figure 1. Example of Textbook Information on the Formation of Mountains

Have you ever tried to keep a block of wood
under water? Itis a difficult job. As you push the
wood downward, you can feel the force of the waler
pushing it up again. When wood is put into water,
it doesn’t sink completely. 1t sinks until a balance
is reached between it and the water. The reason
for this state of balance is the difference in their
densities.

Thousands of years ago, Scandinaviawas cov-

ered by a thick ice sheet. The mass of the ice
forced the crust deeper into the denser mantle.
Then the ice melted. The mantle has been slowly
pushing the land upward since. This motion will
continue until a state of balance between the crust
and mantle is reached again. This state of balance
is called isostasy (ie-soss-tuh-see).

Observing floating ships shows us how the crust
behaves as it floats on the heavy mantle rock. See
Fig. 12-21. When cargo is transferred from ship A
to ship B, ship A rises in the water and ship Bsinks.
The crust, floating on the mantle, behaves in a
similar way. For example, rock and soil move from
one area on the crust lo another when rock falls
from the mountains to the land below. Because of
isostasy, the area that loses the malterial rises.
The area that gains the material sinks.

The rising and falling of parts of the crust take
place very slowly and put a strain on the crustal
rock over a long period of time. How do you
suppose the rocks respond to this strain? Some-
times they crack, like a piece of glass. Ifthere is no
movement along such a crack, it is called a joint.
A crack in which there is movement along either
side is called a fault. Small joints can be seen in
many rocks. Large systems of joints may cover
many square kilometers.

Sometimes large blocks of rock may be lilted
like a row of books that fell aver. The resuitis a set
of tilted blocks separated by faults. Mountains
made in this way are called fault-block moun-
tains. The Grand Tetons are fault-block moun-
tains.

Some forces squeeze rock together. The faults
caused by these forces are slanted. One siab of
rock slides up over the next. This type of faultis a
thrustfaull. Thrust faulting causes the areaof the

crust to decreased. The Appalachian (app-ah-iay-
shin) Mountains contain may large thrust faults.

Forces that squeeze rocks together do not al-
ways cause faults. Some rocks may yield to strain
by folding. Slow, steady pressure can make some
rocks bend without breaking. Foldsin rocks may
be small wrinkles. They also can be large enough
to form the foundations of mountains. The Appa-
lachian ‘Mountains, for example, contain the re-
mains of may great foids. During their long history
the Appalachians have been worn down. Today
wo see long parallel ridges and valleys formed by
the tilted rock layers of ancient folds. See Fig. 12-
23.

Scattered all over the earth are very large re-
gions of land that are elevated above the lavel of
the surrounding crust. A region of land that is
elovated is called a plateau (pla-toe). The Grand
Canyon is found on the Colorado Plateau. Pla-
teauscan be caused by the forces that cause faults
and folds. In this case, large parts of the crust are
bent upward. Piateaus can also be formed when
lava pours out and covers a large part of the land
surface. The Columbia Plateau of Washington
State is an example of a lava plateau.

While large areas of land are being uplifted into
plateaus, some small areas are sinking. Death
Valley in California is an example of such & place.
The large block that makes up the floor of Death
Valley is slowly tilting as one end sinks. See Fig.
12-286.

Some of the forces that cause strain in 1he crust
come from movement of the crustal plates. At the
mid-ocean ridges, hot mantle materialrises. When
sthe mantle material cools, it forms new sea floor
and pushes the crystal plates. The plates bend
and twist as they are driven away from the mid-
ocean ridges.

Magma may also push up and lift the crust at
places within the interior of the plates. Sometimes
such forces from below can raise a part of the crust
to make dome mountains. An example of dome
mountains are Black Hills of South Dakota, These
mountains are like a blister in the midst of the Great
Plains that surround them.

From: Ramsey,

& Winston.

W L., Gabriel, L. A., McGuirk, . F,, Phillips, C.R., & Watenpaugh, T.R. (1983), General S5c
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provide enough cues to encourage the selection of a
different view of phenomenon, and establish a well-
understood alternative.

A curriculum that provided explicit, integrated,
in-depth coverage of core concepts in science is the
Earth Science videodisc program (Systems Impact,
1987). Itemphasizes theimportanceof strongschema,
based on connections or mappings (Hofmeister, En-
gelmann, & Carnine, 1989). Informa tionisorganized
in terms of a conceptual network (see Figure 2}
Seemingly unrelated phenomenaare unified through
a common set of rules. This feature avoids the
fragmentation of knowledge. Itis easier for students
to learn a schema-based, small set of related relation-
ships that make sense of other facts than to learn
those same facts as unrelated bits of information. For
example, Earth Science focuses on the underlying
principle of convection. An understanding of con-
vection can enable new students to explain many
other terrestrial phenomena, such as ocean currents,
air currents, and many phenomena in the solid earth.

To fully understand the concept of convection—
the circulation of heat through a medium-—one has
to understand many other concepts: heating and
cooling, the implications for expansion and contrac-
tion, which lead to rising and sinking, and finally
areas of high and low atmospheric pressure. All
these phenomena are causally related. Figure 2
illustrates how the various principles fit together. A
portion of a substance is heated in position A. Asit
expands, it becomes less dense and rises, leaving
behind the area of low pressure. An area of high

Figure 2. Component conceptsof a convection cell.
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pressure is created above the heated substance at
point B. The substance then moves from the high-
pressureareaat B to thelow-pressure area at C. That
low pressure is created as a substance in front cools,
contracts, and sinks. The sinking substance createsa
high in front of it, asat point D. The substance then
moves from the high-pressure area at point D to the
low-pressure area at point A. The cycle repeats itself
over and over, forming rotating cells, called convec-
tion cells, which appear at the top of point A{Carning,
1989).

After this instruction, the concept of convection is
used to make sense of other phenomena, such as
ocean currents and air currents. Figure 3 shows
convection cells in the solid earth and how they
account for plate tectonics, whichin turn can explain
the formation of granite mountains, volcanoes, earth-
quakes, and so forth. The crust of the earth actually
rides on the top of convection cells. At point E in
Figure 3, the crusts come together at the subduction
zone, where the oceanic crust goes under the conti-
nental crust, causing earthquakes, volcanoes, and
rift valleys. At pointF in Figure3, the ocean crust is
pulled apart by two convection cells, causing deep
ocean trenches and volcanoes.

The Earth Science program does not deal with
incorrect prior knowledge directly. Essential rela-
tionships, not misconceptions, are identified, evalu-
ated, and linked to new knowledge. Misconceptions
about therelationships may causeerrorsduringlearn-
ing. When these errorsoccur, students are reminded
of the relationships that underlie the correct answer.
Through explicit maps of concept networks, stu-
dents link the prerequisite concepts to the underly-
ing principle of convection, and use this principle to

Figure 3. Role of Convection Cells in Accounting
for Phenomena in the Solid Earth
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explain many of the other natural phenomena found
in the earth, oceans, and atmosphere. These phe-
nomena from the diverse areas of geology, oceanog-
raphy, and meteorology are not unrelated but form
part of a unified, structured scheme (Carnine, 1589).

Inaddition, videodisc technology permits dynamic
illustrations that are difficult to conduct in the class-
room. Computer graphics, sound effects, highlights,
and other techniques maintain student attention.
The videodisc makes possible an interactive format,
enabling students to explore the concepts being
taught, decide what they know, and clarify theirown
views. They can test the validity of their own views,
consider merits and defects, and compare their view
with that in the dynamic presentation. These fea-
tures encourage students to reflect on their own
learning,

* The present study was undertaken to evaluate the
cffect of the Earth Science curriculum design features
on children’s alternative frameworks. Our hypoth-
csis was that the design features of the Earth Science
program would effectively: (a) get students to aban-
don their alternative frameworks and adopt a clear
scientific viewpoint, (b) provide students with a
schema which facilitates the integration of new knowl-
edge, and {(c) develop in students a language with
which they would be able to explain their views.

7 Method
Subjects

Forty-one eighth-grade students from two intact
science classes participated in the study. All subjects
had completed 30 lessons in the Earth Science video-
disc program. One class of 25 higher ability students
completed the Earth Science program first. The sec-
ond class of 16 lower ability students, including three
students from the resource room, completed the
program later (after our testing). The mean raw score
of the higher ability group on the math subtest of the
California Test of Basic Skills was 66.3 (SD = 9.5}; of
the lower ability group, 51.6 (5D = 15). The average
percentile equivalent for the higher ability group
was 81.2, and of the lower ability group, 56.7.

Procedures

An interview technique was used to assess stu-
dentconceptions. This technique hasbeen described
by Osborne and Freyberg (1985) as the “interview
about events,” and was used to explore children’s
views-and ideas of everyday phenomena.

In the study, students were required to respond to
the following two questions, both prior to and fol-
lowing their exposure to the videodisc program: (a)
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Why is it hotter in the summer? (b) What causes
mountains to form? All interviews were conducted
in an informal and non-threatening atmosphere. It
was emphasized that students were required to give
their ownideasand viewpoints, and that there would
be no emphasis placed on whether responses were
correct or incorrect. Interviews were not standard-
ized in any way. The interviewer could interact
actively with students by asking further probing
questions, depending on the nature of their responses.
Children were encouraged to draw pictures to illus-
trate their answers. '

Measures

The taped interviews were transcribed word-by-
word. These transcriptions comprised the data for
analysis. From studying the data, it was possible to
determine levels of student understanding for each
phenomenon. The system of categorization used in
other research (Simpson & Marek, 1988); Marek,
1986) was adapted and used to classify student re-
sponses in this study. An explanation of the five
categories follows:

1. A Sound Understanding (5). Such responses
indicate that students seem to have acquired an
integrated scientific perspective. They are able to
restructure their ideas and give a coherent explana-
tion of the phenomena. _

2. Pgrtigl Understanding (PU). Such responses
seerned to indicate that students had merely a partial
knowledge of the phenomena. Although ideas are
not verbalized in an integrated or unified way, some
understanding is evident.

3. Clearly Evident Misconceptions (M). Students
sometimes give just one simplistic, incorrect view-
point. Generally, students give linear explanations -
{e.g., mountains are caused ‘by volcanoes’) rather
than see a number of forces as being responsible for
the phenomenon. These responses indicate a lack of
understanding about the phenomena and the pres-
ence of an alternative framework.

4. Confused, Faulty OQutcomes (CF). In some in-
stances, responses indicate a partial understanding,
but evident in the response is a specific misconcep-
tion. Students give rather confused, contradictory
explanations, or they explain the phenomena as be-
ing caused by one act or event rather than by a
number of forces orin evolutionary terms. A similar
category was identified by Renner, Abraham,
Grzybowski, and Marek (1990).

5. No Conception (NC). These students fail to
formulate an answer. They sometimes admit that
they had some exposure to the information, but
cannot access it. :



The following evaluation criterion were developed
for categorizing answers to question 1 (Seasons):

1. Sound Understanding (s). Response includes two or
more of the following:

= Seasonsarecaused by the tiltof the Earth’s axis.

» The varying angle between the sun’s rays and
the earth’s surface caused by the tilt of the axis
results in varying heat between winter and
summer.

o Varying heat is also caused by the differing
lengths of daylight. ,

o 1t is hottest when the sun’s rays fall at right
angles to the earth’s surface or when the sun
appears directly overhead.

2. Partial Understanding (PU). Response includes at
least one of the following:

o Tilt of the earth’s axis toward the sun.

e Varying heat caused by differing lengths of
daylight.

» The varying angle between the sun’s rays and
the earth’s surface caused by the tilt of the axis.

3. Clearly Evident Misconception (M).

¢ Earthiscloser tothe sun duringsummer, and in

winter the earth is further away from the sun.
4. Confused Outcomes (CF). Response includes at
least one response from categories 2 and 3 above.

5. No Conception (NC).

¢ “Idon’t know.”

e “] knew it once, but I cannot remember.”

The following evaluation criteria were developed
by categorizing answers to question 2 {(Mountains):
1. Sound Understanding (). Response includes two

or more of the following:

s Caused by rising blocks of rock that are pushed

up by forces (convection} in the mantel.

» Continental rocks, suchas granite, arelessdense
than the basalt rocks which cover most of the
ocean floors. .

» The granite and basalt come together in sub-
duction zones—ocean crust goesunder thecon-
tinental crust, pushing the earth’s crust up,
causingmid-oceanridges, volcanoes,and moun-
tains.

2. Partial Understanding (PU). Response includes at
least one of the following:

* Mountains grow.

» By winds and weather erosion.

4. Confused, Faulty Outcomes (CF). Response include

at least one response from categories 2 and 3.

5. No Conception (NC).

s “Idon’t know.”

» “[ knew it once, but I can’t remember.”

The transcripts were evaluated by two indepen-
dent raters. Overall inter-rater agreement was 80%.
Inter-rater agreement for categorizing a sound and a
partial understanding (scientific understanding) ver-
sus confused, faulty conceptions and clearly evident
misconceptions (alternative frameworks) was 95%.

Results
Quantitative Analysis

Table 1 gives an analysis of the responses of the
high-ability students by categories of understanding
on the pretest and posttest for the question on Sea-
sons. In the pretest, 4% of the students had a sound
understanding of the phenomenon, and 16% had a
partial understanding. A number of alternative frame-
works were evident which will be discussed in the
section on qualitative analysis. On the posttest, 64%
had a sound understanding, and 28 % of the students
displayed a partial understanding. Even these par-
tial responses on the posttest showed evidence of
correct scientific concepts. Following the interven-
tion, 92% of the students displayed either a “sound”
or a “partial” understanding with no evidence of the
alternative frameworks that were recorded on the
pretest. The categories “confused, faulty outcomes”
and “clearly evident misconceptions” include all the
alternative frameworks held by students. Only 4% of
the high-ability group showed evidence of possess-
ing alternative frameworks on the posttest compared
to 72% on the pretest.

Table 2 summarizes the responses of the high-
ability group for the question on Mounfains. On the
pretest, none of the students had a sound under-
standing prior to the intervention, and only 24% had
a partial understanding. On the posttest, 44% of the
students displayed a sound understanding, and 40%
had a partial understanding. Following the inter-
vention, 84% of the studentsdisplayed eithera “sound

» Convection in the mantle
pushes the earth’s crust at the

Table 1 Analysis of the Responses of the High Ability Group by
Levels of Understanding on Pretest and Posttest for Seasons

subduction zones.
= Two plates coming together.
= Layersofearth getting pushed

Levels of

Understanding

Pretest Postie
Frequency % Frequency %

together. _ _ 1. Sound Understanding 1 4 16 64

3. Clearly Evzr?enszsconceptzons(M). 2. Partial Understanding 4 16 7 28
Response includes: 3. Clearly evident misconception 18 72 0 0

» By the oceans. 4. Confused, faulty outcomes 0 0 1 4

e Sand piles up and becomes | 5 Ng Conception 2 8 1 4

mountains.
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understanding” or a “partial understanding,” with
no evidence of the alternative-frameworks students
held prior to the intervention. Only 16% of the
students possessed alternative frameworks on the
posttest, compared to 64% on the pretest.

Table 3 summarizes the responses of the low abil-
ity group for the question on Seasons. On the pretest
none of the students had either a sound or a partial
understanding prior to the intervention. On the
posttest 81% of the students displayed a sound un-
derstanding, and 13% had a partial understanding.
Following the intervention, 94% of the students had
displayed either a “sound understanding” ora “par-
tial understanding,” with no evidence of the alterna-
live frameworks. Only 6% of the students showed
cvidence of alternative frameworks on the posttest,
while 88% had alternative frameworks on the pre-
test. of the resource room students, none hadd
alternative frameworkson the posttest, while two
had alternative frameworks and one student had no

ernative Frameworks—Continued

conception on the pretest.

Table 4 reflects responses of the low ability group
for the question on Mountains. On the pretestnone of
the students had either a sound or a partial under-
standing prior to the intervention. On the posttest
56% of the students displayed a sound understand-
ing; and 44% had a partial understanding on the
posttest. Following the intervention, 100% of the
students had displayed either a “sound understand-
ing” or a “partial understanding,” with no evidence
of the alternative frameworks. None of the students
possessed alternative frameworks on the posttest,
but on the pretest 81% of the students had them,

. including all of the resource room students.

The results support the hypotheses set at the be-
ginning of the study. The Earth Science videodisc
program succeeded in effecting conceptual change
for the majority of students in the study. The catego-
ries of responses were quantified as follows: No
conception = 0; clearly evident misconception = 1;

Table 2. Analysis of Responses of the High Ability Group by Levels
of Understanding on Pretest and Posttest for Mountains

confused, faulty outcomes = 2;
partial understanding = 3; sound
understanding = 4.

A repeated measures 2 x 2

Iﬁev; s ?f di F P_r_gtgs_t‘y F BD'SJE;E, ANOVA ‘was performed on the
nderstanciie requency % requency % pre- and posttest scores of the
1. Sound Understanding 0 0 11 44 higher and lower ability groups
2. Partial Understanding 6 24 10 40 on the questionon Seasons showed
3. Clearly evident misconception 14 56 2 8 no interaction and no group effect,
4. Confused, faulty outcomes = 2 g 2 8 indicating that the performance of
5. No Conception 3 12 0 0 the higher and lower ability groups

was not significantly different

Table 3. Analysis of the Responses of the Low Ability Group by
Levels of Understanding on Pretest and Posttest for Seasons

across the pre- and posttests. A
similar 2 x 2 ANOVA was per-

formed on theresults for the ques-

Levels of Pretest Posttest tion on Mountains. The interaction
Understanding Frequency % Frequency % was significant (F (1,39) =74, p<
1. Sound Understanding 0 0 13 81 01), indicating that th('3 perfor-
2. Partial Understanding 0 0 2 13 mance of the group varied. The
3. Clearly evident misconception - 8 50 1 6 lc!vfrerabxlltygroupperformed S1E"
4. Confused, faulty outcomes 6 38 0 0 nificaptly lower on the pretest (1
5. No Conception 2 12 0 0 (39) = 2.1, p<.05), but the perfor-

mance of the two groups was not dif-

Table 4. Analysis of the Responses of the Low Ability Group by Levels
of Understanding on Pretest and Posttest for Mountains

ferent on the posttest, t(39) = 1.5.
The mean posttest score forboth
groups of 3.34 (§D = .79) for the

Levels of Pretest Posttest question on Mountains was sig-
Understanding Frequency %  Frequency % nificantly higher than the pretest
. —! mean of 1.22 (SD = .88); t (40) =
1. Sound Understanding 0 0 4 36 11.8, p <.00005. The mean posttest
2. Partial Understanding 0 0 7 44 score of 3.59 (SD = .87) for the -
3. Clearly evident misconception 12 75 0 0 question on Seasons was signifi-
4.  Confused, faulty outcomes 1 6 o .0 cantly higher than the mean pre-
5. No Conception 3 19 0 0 test score of 1.32 (5D = .88); t40) =

6 DirecT INSTRUCTION NEWS, SUMMER, 1991



12.06, p = .00005. There is clear evidence that stu-
dents’ alternative frameworks failed to interfere with
learning, even though the alternative frameworks
were not directly invoked and assessed in the in-
struction.

Qualitative Analysis of Pretest Responses

There were students who had only a partial un-
derstanding of the phenomena. Some understand-
ing was evident, but student ideas were not fully
integrated or unified. The manner of developing
explanations was not explicit. For example, in re-
sponse to the question on Seasons, ideas such as “tilt
of the earth’s axis,” “angle of the sun’srays,” “length
of time the sun is in the sky,”emerged, but students
were not able to elaborate clearly. Withrespectto the
question on mountains, arguments such as “some-
thing to do with plates,” “layers of the earth getting
pushed together,” were given, but students were not
able to elaborate ina clearmanner. The following are
examples of responses indicating partial understand-
ing:

Question on Seasons: “It's hotter in the summer
because the sun’s rays are less—sort of right against
the earth—in winter they are much more spread out
because—it’s rounder up there so they spread out
against the side of the earth.

Question on Mounlains: “Two plates coming to-
gether forms mountains.” Some students seemed to
have had some exposure to information but were not
able to access it. For example,

- Question on Mountains: “1don’tknow. Pressures
maybe. That’s the only thing I can think of.” (Inter-
viewer: What sort of pressures?) “I really don't
know.”

There were students who atternpted to bring in all
they knew in the hope that somehow they will arrive
at the correct answer. For example,

Question on Seasons: “The earth is closer to the
sun because it goes around in its axis so when it gets
more sunlight, it get closer to the sun while it’s
turning around. So in the daytime, we're closest in
the sun-so that's why we have day too-and if it's
closeron its axis-it'sjustcloserto thesunand itspins
as it goes around.” :

Question on Mouniains: “There's one {reason) by
water-sand piles up and piles and becomes a moun-
tain. Did you say a mountain? :

(Draws a picture.) My picture is when a volcano
erupts-lava and stuff goes down the hill and then it
stops...more lava comes.”

Some responses indicated that students believed
mountains were formed by “single acts of creation”
(for example, by volcanoes), rather than in “evolu-

_tionary terms.” Similarly, seasons were explained as
caused by one force orevent, rather thana number of

- forces or events. Osborne and Freyberg (1985) also

note this tendency in children to explain phenomena
as having just one cause.

Some alternative frameworks revealed that stu-
dentsaccept more than one explanation for a specific
phenomena and are not concerned if explanations
are self-contradictory or mutually inconsistent. For
example,

Question on Mountains: “O.K. Well... letmesee...
any kind of mountain? 1 guess mountains start out
maybe just as they were-when there wee mountains
at first and like they got eroded down by sand and
earth and then some sand and earth was pushed into
mountains and now it’s packed together over mil-
lions of years.” (Interviewer: How are they pushed
into mountains?) “Weather, just nature. . . some-
times lava would form mountains-or you could make
them with rock but...” (Interviewer: How?
Manmade?) “Yeah!”

In the question on Seasons, students were aware of
a cause and effect relationship between the move-
ment of the earth in relation to the sun, but their
notions were vague, muddled, and imprecise. 1t
seemns that they had exposure to isolated bits of

" factual information, possibly through books, teach-

ers, or television. For example:

“As the world goes around the sun, when it's
summer here, it’s winter elsewhere-hitsitinmore in
one spot-might go slower in the summer. When it
rotates, it might go more slowly so the sun hitsinone
spot. When it turns that might be winter. If it goes
around then it might be winter for a while because
the atmosphere changes. That would be winter.”

“T just think of it as-well...the sun...] mean the
earth turns in rotation to the sun and...l usually
thought of it like being in a different spot in the sky
at the same time as in summer and winter and then
i'sactually windier and things and storms are easier
to be pushed around so in different places in the
earth the storms come over. 5o for one thing it’s
gonna black out the sun, it's gonna be able to snow
and...” (Interviewer: How does that affect being
hotter in the summer?) “Well, it’s gonna black out
the sun, which blacksout the heatand then the water
and the snow is gonna be able to fall.”

Some responses depicted a kind of linear reason-
ing, influenced by experience of other phenomena.
These were simplistic, incorrect explanations.

For example:

Questions on Seasons: “Because the earth is closer
to the sun. . . well. .. since the sun is hotter and if the
earth is closer to the sun then it will be hotter in the
summer than in the winter because the earth will be
farther away from the sun in the winter “ (This was
the most common misconception, evidentin 15of the
27 responses.)
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Alternative Frameworks—Continued

] Question on Mountains: “Let’s see. .. I really don’t

know. I think it has something to do with the wind
and dustand dirtand it's justa build upof the dirton
that specific area and then it gets packed with snow
because of the elevation and it grows in size accord-
ing to how ftall it is.”

Certain idiosyncratic ideas were evident. Again
these seemed to be influenced by already-acquired
information on other phenomena. They appear to be
perceptuaily dominated. For example:

Question on Mountains: “I think mountains be-
cause atmospheric pressure kinda knocks it down.”
(Interviewer: Knocks?) “Yes. Kinda makesit tumble
because of the atmospheric pressure at the peak and
that would make it fall.” (Interviewer: What would
falt?) “Tumble. The peak.” (Interviewer: And that
would form a mountain?) “Right.”

“The wind blows from. .. dirt and dust and stuff or
something. . . and blows up against a hill and the hill
continues to get bigger until finally it is a mountain.”

A summary of some of the clearly evident miscon-
ceptions follows: Question on Season: “Maybethe earth
gets closer to the sun during that part of the time.”

“Environmental changes-like forestsand stufflike
that—during the summer.”

“It's hotter in the summer because of how the
carth rotates—it has its axis divided into four differ-
ent seasons—which side is closer to the sun-gets
summer.” (The influence of a textbook diagram is
cvident here.) '

“In different places in the earth storms comes
over.. . so for one thing it’s gonna black out the sun.
.. it’s gonna be able to snow.”

“As the world goes around the sun, when it's
summer here, it's winter somewhere else~it hits more
in one spot-it might go slower in the summer. When
it rotates it might be slowing so the sun hits one
spot.”

Question on Mountains: “Mountains form be-
cause atmospheric pressure kinda knocks it down.”

“I's something to do with the wind and the dust
and the dirt, and it just builds up in a specific area.”

“Wind or weather or something like that-like
build up-where water hits in one spot. When water
gets lower you can see the top.”

“By volcanic eruption.” (The students consider
the formation of a mountain as by a single event
rather than in evolutionary term.) '

Qualitative Analysis of Posttest Responses

Language was definitely more precise than evi-
denced in the pretest. There was virtually no use of
phrases and words such as “maybe,” “something
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like that,” “kind of,” “earthquakes or something,” in
posttest responses. It is clear that the Earth Science
program made the subject matter comprehensible to
the students. Voss(1987) and Eylon and Reif (1984)
suggest that when key concepts and their connected-
ness are made explicit to learners, information is
more accessible and comprehensible:

Responses that depicted a sound understanding
reflected a clear and logical development of ideas.
Most students were explicit in their explanations.
For example,

“Granite mountains are formed at subduction
zones where the convection cells in the mantle are
pushed together and creates the less denserock. The
granite then gets to rise and the more denserock gets
to sink under. Just the action of pushing it together
causes the granite to rise and creates mountains.”

Twenty-six of the 82 responses for both questions
displayed a partial understanding of the phenomena
on the posttest. However, the responses seemed to
indicate that their problem lay not so much in their
understanding of the phenomena, but in their ability

- to verbalize their understanding. One student’s re-

sponse clearly indicated this: “I hate this (the inter-
view), when I'm doing a test, I do fine. But whenI'm
saying it, I can’t say it that well. . . Oh God, I don’t
know how to explain it. Ijust know the answer.”

Discussion

The results of the study show that an explicit,
conceptually integrated curriculum can virtually
eliminate alternative frameworks without specifi-
cally eliciting or addressing the in the instruction.
This finding contradicts the generally held assump-
tion that because alternative frameworks are resis- -
tant to change, they must be directly addressed in the
instruction. In contrast to the focus on the learner
perspective in recent research, this study demon-
strates that curriculum variables are also critical
factors in effective learning.

The Earth Science program meets three of the four
conditions of curriculum design important for con-
ceptual change, that were set out by Posner, Strike,
Hewson, and Gertzog (1982): a new conception must
be: (a) intelligible, (b) plausible, and (c) fruitful.
However, the fourth condition, that dissatisfaction
with the existing conception can only be achieved by
addressing the alternative framework,was not met.

In spite of ignoring students’ alternative frame-
works, the Earth Science program resulted in 92% of
the studentsabandoning theiralternative frameworks
and adopting the teachers’ science. The interven-
tions reviewed in this paper, which addressed alter-



native frameworks, reported success rates ranging
from 28% to 69%. The curriculum that did not
address alternative frameworks, the Earth Science
program, seems to be more effective than those that
directly address alternative frameworks.

It is interesting to note that prior to instruction the
most common misconception for the question on Sea-
sons held by studentsin this study, was the same as the
one led by Harvard graduates in the Schneps study
(1987). The misconception was: “lt is hotter in the
summer because the earth is closer to the sun.” Only
2 of the 41 students in this study retained this particu-
lar alternative framework after instruction. Yet with
the Harvard graduates this misconception seemed to
be the “conception” they carried through life.

The Earth Science program capitalized on stu-
dents’ ability to reason and use their own logic to
assess and evaluate the plausibility of their own
conceptions and alter them in response to explicit,
dynamic instruction.

A science curriculum that is “intelligible” because it
explicitly presents information, “plausible” because it
presents dynamic, real-world examples of the phe-
nomena, and “fruitful” becausea few underlying prin-
ciples can be used to integrate a large domain of
information, can be effective in eliminating alternative
frameworks without spending valuable instructional
time invoking and addressing them. ¢
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by Robert C. Dixon

Much of the literature on Direct Instruction ad-
dresses questions related to the delivery of instruc-
tion, rather than focusing on the key unique feature
of DI programs—the careful analysis of content for
efficient communication to learners. We will exam-
ine this notion of “content analysis” as it applies
specifically to spelling curricula for students with
learning disabilities and regular classroom students
alike. '

In an exhaustive review of research on thespelling
ability of students with learning disabilities, Gerber
(1985) summarizes that research does not support
the notion that spelling disabilities are the result of
abnormal psychologica] processes, and further, that
better organized spelling information does lead to
improved spelling quality, as well as to quicker
“decision speed” among students with learning dis-
abilities. Although, as Gerber points out, other fac-
tors also influence spelling improvement, such as
adequate practice for mastery and corrective feed-
back. However the effectiveness of these “other”
factors is also influenced by content organization,
i.0., the exemplars utilized during practice and the
nature of the information conveyed during feed-
back.

This article focuses upon the application of
sameness analysis to three options for presenting
spelling content: whole word, phonemic, and
morphemic. The potential of these approaches is
discussed first in terms of the goal of generalization.
Although spelling has been researched as much as

any area of the language arts (Graham and Miller, -

1979), much of that research appears to center upon
instructional practices, such as the relationship be-
tween testingand studying, presenting wordsinlists
versussentences, very general correction procedures,
and motivational methods. What follows will: (m
relate the sameness analysis of the three content
approaches to the sometimes weak empirical evi-
dence of the effectiveness of those approaches, (2}
discuss implications of this analysis for retention
and transfer, and (3) suggest implications for pre-
liminary evaluations of spelling programs.

Whole Word and Phonemic Analyses of Spelling

The fundamental question of an initial D1
ssameness analysis” is: What do examples of the
desired outcome have in cornrmon that nay prove to
be the basis for accurate generalization? Because
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students make their expressive written vocabulary
choices from throughout the range of their oral vo-
cabularies, analysis of spelling necessarily entails an
examination of a relatively large corpus of words.
Thus, the objective of initial spelling analysis is to
determine what features that corpus of words has in
comunon.

The most familiar approaches to presenting spell-
ing content are “whole word” and “phonermnic.”
Within a whole word approach, students simply (but.
not easily) memorize the spellings of lists of words.
Supporters of whole word approaches contend that
students don’t have to memorize very many words
in order to learn most of the words they need in
writing, but that argument is based upon statistical
slight- of-hand. There is no potential for generaliza-
tion in whote word approaches (other than the gen-
eralizations some students infer incidentally), and
therefore, such approaches are not subject to DI
sameness analysis. _

Phonemic approaches to spelling, on the other
hand, have pofential for generalization, but that po-
tential is limnited. Hanna, Hodges, and Hanna (1971)
conducted an analysis of over 17,000 that was quite
similar to a DI analysis in that it looked for phonemic
samenesses—or sound-symbol rules—across all the
words analyzed. Hanna, et al,, found that under
ideal circumstances, about two hundred sound-sym-
bol spelling rules could be used to spell about half of
the 17,000 words studied. That is, if we taught chil-
dren two hundred sound-symbol rulesand they learned
them perfectly—didn’t forget a rule, didn’t confuse
two rules, etc.—the best they would be able to do is
spell less than half of the 17,000 words analyzed by
Hanna, et al. )

Hanna's group surmised thata somewhat differ-
entanalysis would havelikely produced only slightly
different results. They further qualified their results
by pointing out that the computer study “did not
encompass important morphological and contextual
information needed for a comprehensive mastery of
American-English orthography” (p. 94). This rather
intriguing qualification hints at a dimension of
samenessinspellinginadditionto phonemic, namely,
morphemic.

Morphological Analysis of Spelling

In addition to Hanna, et al., there is substantial
theoretical support for incorporating morphology in
both reading and spelling instruction (Chomsky,



1970; Chomsky & Halle, 1968; Hodges and Rudorf,
1966; Liberman, 1982; Simon & Simon, 1973;
Templeton & Scarborough-Franks, 1985; Venezky,
1970). Basically, morphemes are meaningful units—
prefixes, suffixes, and word bases {free or bound
bases). Itis accurate to say that all words comprise
one or more morphographs—the written equivalent
of morphemes—a notable sameness among spelling
words with at least the appearance of some potential
for generalization. That potential is realized through
two fundamental characteristics of written mor-
phemes: ’

1. a given morpheme is either always spelled
exactly the same way in different environ-
ments, or '

2. a given morpheme changes its spelling un-
der certain specific, predictablecircumstances
or contingencies.

These characteristics are analogous to characteris-
tics we might hope pertained more uniformly to
phonemes;i.e., thatagiven phonemeisalways spelled
one way, or that alternative spellings were always
predictable (and, therefore, generalizable, but not
overgeneralizable).

The potential benefits of a morphemic analysis of
spelling are, analogous to the use of phonemes in
either decoding or encoding. A relatively small
number of components can be combined in various
ways to produce a large number of words. For
instance, assume a student can spell only three
morphographs: re, cover, ed. Few words are gener-
ated from just these three morphographs: recover,
covered, recovered. Now assume an increase from
three to seven morphographs: re, dis, un, cover, pule,
ed, and able. The increase from three to seven
morphographs yields: recover, recoverable, recovered,
unrecoverable, unrecovered, repute, reputable, reputed,
disreputable, disrepute, coverable, covered, uncover,
uncoverable, uncovered, discover, discoverable, discov-
ered, undiscoverable, undiscovered, dispute, disputable,
disputed, undisputable, undisputed, etc.

These words result either from simply affixing
morphographs in various combinations, or by ap-
plying a predictable rule for changing the spelling of
a morphograph (a final-e rule). The ratio of high-
frequency morphographs to words increases expo-
nentially, until the higher-frequency morphographs
areexhausted. We know, for example, that about 800
morphographs appear in 10 or more words and
generate approximately 16,000 words (Becker, Dixon,
Anderson-Inman; 1980).

Morphographs reveal regularities in English or-
thography not readily apparent in terms of sound
alone. For example, the sound for the letter e in the
prefix re changes across words like reputed (as in

“They are reputed to be less than honest”) and repu-
tgble (as in “This university is a reputable institu-
tion”), but the spelling remains the same. Similarly,
a word like sign is morphemically regular in that
both its spelling and meaning are preserved in de-
rivatives such as signal, resign, signify, and so on.

However, when relying on sound alone, students
with learning disabilities, as well as other students,
seem unaware of the conservation of morphemically
regular words, such as magic. Students will misspell
a word like magician in numerous ways, as Carlisle
(1987) discovered: magition, magicion, magishion,
magition, etc. In a strategy combining both sound
and meaning—morphophonemics—it becomes clear
that the elements in magic are preserved in deriva-
tives such as magic + ian = magician, in spite of the
phonological changes undergone by magic after
affixation. {The choice of ian over ion is based upon
the morphemic generalization that ian usually refers
to people.)

Neither a morphological nor phonological ap-
proach to spelling alone is enough to allow students
to generalize to all the words in the corpus from
which they may choose to draw in their expressive
writing. The word magic itself can’t be considered
altogether regular phonemically, given some ambi-
guity in the spelling of /§/ ina medial word position.
Students who can’t spell magic, in turn, are pre-
empted from utilizing the morphemic information
that would normally lead to a correct spelling of
magician. Taken together, however, a
morphophonemically-based strategy has the poten-
tial for considerably reducing the more than 50%

irregularity uncovered in the strictly phonemic ap-

proach by Hanna and associates.

Yet in spite of support spanning over two de-
cades, there has been precious little empirical inves-
tigation into the possible benefits of morphology for
learners with or without disabilities.”

A Research Perspective

Grahamand Miller (1979) cite several studiesshow-
ing intense phonics instruction to be no more effec-
tive than non- phonics instruction, and other studies
showing that intensive phonics results in superior
achievement over non-phonics approaches. Ourdis-
cussion thus far suggests one possible explanation
for such contradictory findings: Whole word versus
phonics may not be an eitherfor question. Qur analysis
implies it is a question of capitalizing upon phone-
mics to the extent that doing so results in reliable
generalization, and building from a base of phone-
micknowledge to capitalize upon morphemic gener-
alization, and finally, “defaulting” to whole word
approaches when neither phonemics nor morphe-

DIReCT INSTRUCTION NEWS, SUMMER, 1991 11



Application of Sameness-—Continued

mics provide a reasonable basis for accurate gener-
alization. '

Studies on morphemics are far from conclusive.
Carlisle (1987) studied the patterns of misspellings
among ninth grade students with learning disabili-
ties, in comparison with nondisabled fourth, sixth,
and eighth graders. She found that the ninth grade
students with learning disabilities had a knowledge
of derivational morphology comparable to that of
the nondisabled sixth graders—knowledge of build-
ing word families orally by affixation. All the stu-
dents studied failed to some extent to apply their
morphological knowledge to spelling, but the big-
gest gap between knowledgeand application to spell-
ing was among the students with learning disabili-
ties, who applied their morphological knowledge to
spelling less than the nondisabled fourth graders.

Further, an analysis of the misspellings of ali the
students revealed that the vast majority of those
misspellings were phonemically acceptable. This
finding generally supports the Tovey's (1978} claim
that many misspellings are phonemically feasible.
Gerber{1985), however, indicates that thereare subtle
changes in the quality of students’ spelling errors,
ranging as a function of age from preliterate, to
prephonetic, to phonetic, to transitional, and finally,
to correctspellings. Nonetheless, Carlisle’s (Carlisle,
1987) descriptive findings indicate that in general,
the older students with learning disabilities had
reached a point of overgeneralization with phone-
mics, but had not begun to effectively .employ
morphemic generalizations.

In a study assessing the effects of morphologi-
cally-based instruction, Robinson and Hesse (1981)
evaluated the directeffects of teaching seventh grade
students to spell using SRA’s Corrective Spelling
through Morphographs (Dixon & Engelmann, 1979).
Corrective Spelling is a program designed in accor-
dance with the sameness analysis principles dis-
cussed throughout this paper and employed by
Hanna, et al., (1971) In Corrective Spelling specific
bases for reliable generalization are identified ana-
lytically. Students are then taught approximately
750 high-frequency morphographs and the generali-
zation principles outlined above (that the partsrecur
in different words with similar meanings, either
spelled consistently or with minor, predictable spell-
ing changes). The program pretests for knowledge
of several basic, regular phonemic generalizations
and does not recommend placement for those stu-
dents who lack such generalizations. To the best of
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our knowledge, this is the only commercially avail-
able program that focuses students’ attention in-
tensely and aimost exclusively on morphemic gener-
alizations.

In the quasi-experimental Robinson and Hesse
(1981) study, 180 seventh grade students received
instruction from Corrective Spelling for about 20 min-
utes a day, for 140 school days. Students were pre-
and posttested on two instruments: the Stanford
Achievement Test, and a criterion-referenced test
comprising 50 words derived from the spelling pro-
gram and 50 words that did not appear in the pro-
gram, but were derivable from the morphographs
and the combining principles taught in the program.

Results on the Stanford Achievement Test were
statistically significant, though not particularly im-
pressive. However, the gain on the criterion-refer-
enced test was substantial. The mean pretest score
was 51.602 (SD 18.124) and the mean posttest score
was 80.620 (SD 12.247). Performance on this test is
indicative of generalization, given that half the test
items were uninstructed. However, an analysis of
the criterion test items, which could show the extent
of generalization in the study, is not availabie.

Inafollow-upstudy, Hesse, Reobinson, and Rankin
(1983) repeated the criterion-referenced test approxi-
mately one year later with 109 students still available
from the original study. The most dramatic result of
the follow-up study was in the area of retention.
There was no significant difference between theorigi-
nal criterion-referenced posttest and the long-term
posttest (a year later), in spite of the fact that students
received no formal spelling instruction between tests
(in the eighth grade). Although these studies pointto
the possibility that a focus on morphemics could lead
to both generalization and retention, the lack of
comparison groups makes it impossible to draw
conclusionsregarding the direct effects of the Correc-
Hue Spelling program.

In another study of Corrective Spelling through
Morphographs (Earl, Wood, & Stennett, 1981), grade
six students gained .9 grade equivalentonlist2 of the
Morrison- McCall Spelling Scale, compared with a
gain of .4 for an equivalent group in a traditional
basal spelling program. Although this study did
utilize a suitable control group, there was no assess-
ment of the adequacy of implementation of either
program, the control spelling program includes non-
spelling language arts skills, and the number of
students in the study was not large—27 experimen-
tal students and 36 control.



In a third study (Vreeland, 1982), a group of 20
fourth-grade students in Corrective Spelling (identi-
fied as Program A) was compared with two other
groups of 20 fourth-grade students in two other
programs (identified only as Program B and Pro-
gram C). The students in Corrective Spelling gained
1.7 grade levels on The Test of Written Spelling, while
studentsin Programs Band Cgained .8and .7 respec-
tively. Aweaknessin thisstudy was thal the teacher
of Corrective Spelling received six hours of training in
the use of the program and was observed periodi-
cally throughout the seven months of the study,
while teachers in Programs B and C received no
special training,.

In short, the few studies of the only intensely
morphemically-based spelling program we could
locate all tended to support use of a morphemic
approach to spelling instruction, but they also con-
tain methodological weaknesses. The empirical evi-
dence does not supporta jumpontoa morphological
bandwagon.

Slavin (1989) has discussed the propensity of
Americaneducation toward curricular faddism. “Few
educational innovations,” he claims, “are designed
to insure positive effectsin afair evaluation” {p.756).
Among his recommendations for stopping curricu-
lar pendulum swings from one fad to another is his
recommendation that school districts pilot programs
according to well-established evaluation criteria: (1)
compare the group using the program with a compa-
rable control group, (2) assess objectives pursued
equally by control and experimental classes, and (3)
evaluate the program under realistic conditions and
over realistic periods of time.

Inorder to implement this recommendation, edu-
cators would have to decide which of the available
curricular programs to pilot. Oneoption is toreview
existing studies that meet the criteria for fair evalu-
ation—if such studies exist and are available. An-
other option is to analyze curricular materials for
features, whichtakenindividually, have beenshown
through experimental research to be effective. Al-
though that approach has intuitive appeal and is no
doubt better than no appeal to research, “to say that
a program is based on well-established psychologi-
cal principles is not necessarily to say that it is effec-
tive in practice” (Slavin, 1986, p. 166). Be that as it
may, there is no unequivocal empirical evidence
supporting various combinations of whole word,
phonemic, and morphemic approaches to spelling,
whether incorporated into unified programs or not.

Faced with this vacuum of empiricism, practitio-
ners have few objective options for evaluating the
potential effectiveness of spelling programs. ltisnot

surprising that some educators advocate dismissing
formal spelling instruction from the language arts
curriculum altogether, electing instead to advocate
informal speliinginstmction, centered around words
of special interest to individual students for one
reason or another (Glatthorn, 1988). An alternative
option is to pilot programs in the manner suggested
by Slavin. However, because it is impractical for
most schools or districts to pilot all available pro-
grams, the typeof sameness analysisdescribed herein
could serve some usefulness in helping select pro-
grams for empirical learner verification.

Sameness Analysis and Program Analysis

Our discussion of sameness analysis as it applies
to spelling content has implications for evaluating
spelling programs. Those implications, to be sure,
are tentative, and the logical step following an ana-
lytical program evaluation is to test programs emi-
pirically, according to well-established research de-
sign principles, such as those advocated by Slavin
(1989) above.

Tt is safe to say that every spelling program con-
tains some elements of the three content approaches
we have discussed, intentionally or not. Because
some useful words in English are simply not gener-
alizable, either phonemically or morphemically, the
only choiceis for students to memorize those words.
Even programs intentionally designed around whole
word instruction may unavoidably promote the in-
duction of phonemic generalizations, since phone-
mic elements are present in words. Finally, every
program has morphemic elements. Some attention
could be given to prefixes and suffixes, and atieasta
fow affixation rules, such as a rule for doubling.
consonants in words like running and occurred.

Analysis of Phonemic Generalization

The research we have looked at herein indicates
that effectively capitalizing upon phonemic gener-

. alization might involve a delicate balance. Younger

spellers—whose spelling can be characterized in
Cerber’s (1985) terms as preliterate, prephonetic,
and phonetic—are probably the principle beneficia-
ries of instruction based principally upon phonemics
generalizations. Once students have become rela-
tively proficient phonemic spellers, however, fur-
ther emphasis on phonemics appears to result in
overgeneralization.

The implication for programs is that attention on
phonemic generalizations should be focused in the
earlier levels, and ideally, there shouid be placement
tests to ensure that students who would benefit from
phonemics generalizations get them, and students
who have them don’t waste their time on them.
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Application of Sameness—Continued

Those levels of a program that do emphasize pho-
nemic generalizations should focus on true generali-
zations (such as /k/ spelled ckat the ends of words),
rather than on “phonemic patterns” that form the
basis for no reliable generalization (such as thespell-
ing of /e/ in the middle of single-syliable words).
Words governed by such “nonrule” patterns (like
meal and feel} are certain to be difficultdiscrimina tion
problems for students. The implication is that these
vowel patterns, in fact, must be remembered, which
in turn implies the need for a great deal of discrimi-
nation practice in order to achieve a level of fluent
mastery sufficient to promote the easiest possible
transference to writing.

If it is the intention of a spelling program to teach
phonemic generalizations at any levels, then the
program should also provide frequent opportunities
(and evidence) of such generalizations. The ex-
tremely common practice of testing on Friday the
exact words that were targeted during the week
(Rowell, 1972) provides no evidence of generaliza-
tion. A testor probe of generalization must include
words that: (1) are new or uninstructed, and (2) but
can be derived from the component skills required
for those tested. Furthermore, sensitive ongoing
assessment requires attention to more than “number
of words spelled right.” As Gerber’s {1985) analysis
indicates, simple right/wrong data may not reflect
improvements in the quality of students’ thinking,

Analysis of Morphemic Generalizations

Once programs have provided students with suf-
ficient reliable phonemic generalizations for profi-
ciency, there should bea notable shifttoward a focus
on morphemic generalization. Thatisnotto say that
younger or less able students can not benefit from
some instruction on morphemic generalization re-
volving around, for example, common prefixes and
suffixes. However, the prerequisite for capitalizing
upon the potential of morphemic generalization is
fundamental knowledge of phonemic generaliza-
tion. The students Carlisle (1987) described who
used morphemic information to correctly spell magi-
cian, for example, first had to know how to spell
magic.

If a program emphasizes morphemic generaliza-
tion in more than a passing fashion, there should be
ample evidence that students’ attention is focused
upon high utility morphographs, probably organiz-
ing instructionaround such morphographs. Asingle,
phonemically regular morphograph like port, for
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example, appears in many words, including appor-
tion, deportation, export, important, importune, portable,
proportion, report, and supporting. The other parts of
these words—ap, ion, ate, ex, im, able, and so forth—
are also highly productive and should therefore re-
ceive attention in the program.

Inaddition to a focus on particular morphographs,
like those that Becker, Dixon, and Anderson-Inman
(1980) found occurring in ten or more words each,a
program emphasizing morphemic generalizations
would also direct students’ attention to numerous
applications of morphology, many of which are quite
troublesome in terms of sound alone. For example,
a “recombining” strategy can often help students
spell the “schwa” sound, like the vowel sound in the
second syllable of sedative or definite. By either add-
ing or removing prefixes and suffixes, primary stress
shifts position and those schwa sounds become clear
vowel sounds with fairly obvious spellings—the /a/
sound in sedate and the /i/ sound in define.

Thereare many suchapplications thata morphemic
orientation would presumably address. A combina-
tion of morphemic strategies, for example, can con-
siderably reduce the sheer memory burden usually
associated with learning how to spell /ir/ in words
like inventor, grammar, amplifier, dancer, and frackor.
Similarly, morphemic strategies can make the dis-
crimination of 7ble and able more a matter of strategic
problem-solving than of rote recall, and can consid-
erably simplify the problems frequently associated
with spelling the ends of words like magician, electri-
cian, decision, instruction, impression, and suspicion.

Summary

In spite of the necessity for students to memaorize
the spellings of some words, the discussion in this
article has been governed by the assumption that
given a choice, most educators would aspire for
students to spell by generalization rather than by
memorization. Gerber (1984; 1985) has hypoth-
esized—backed up by considerable support—that
the principle difference between expert and poor
spellersis that the former display “flexible, strategic,
and efficient problem-solving behavior” (p. 40) not
demonstrated by the latter. We have indicated that
such problem-solving behavior is most likely facili-
tated through an instructional focus on both phone-
micand morphemicgeneralization, in judicious com-
bination. Qur converse assumption is that memori-
zation of word lists does not much facilitate any such
problem-solvingbehavior. We mightadd that memo-



rizing lists of words intuitively seems a grim pros-
pect for students with learning disabilities, is ques-
tionably effective, and could be insufficient for the
adult needs of such students in any case.

We have not discussed at any length the role that
variables other than content might have on achieve-
ment, such as the kinds of effective instructional
functionsidentified by Rosenshine and Stevens (1984)
and others. However, we have implied a level of
primacy for content analysis. Just how effective are
“affective” instructional functions, such as frequent
review, immediate feedback, low errors in initial
instruction, motivational techniques,and soon, when
superimposed on an approach to content that, at
least analyticaily, has as many inherent disadvan-
tages as a whole word approach to spelling?

We have not, either, discussed the many factors
that contribute to retention, or the extremely critical
goal in spelling of transference to writing, We note,
however, that meaningfulnessseems to contribute to
retention, and that generalization strategies are more
meaningful than memorization strategies. Further-
more, the successful acquisition of strategic spelling
skill is.at the very least a crucial prerequisite for
transfer to untaught words. If students demonstrate
such skill, but transfer to writing is still notapparent,
then various linkageand motivational variables prob-
ably warrant further analysis. ¢
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by Diane Kinder and William Bursuck 7
Educational Research and Services Center and
Northern Illinois University

Weareliving at a time of dramatic political change
world-wide; indeed, events in Eastern Europe are
indicative of a major trend towards democratization.
While these developments give some cause for cel-
ebration, the eventual success of this movement can-
not be assumed. lts success will depend largely on
the capability of people to make decisions that will
influence their own lives as well as the lives of others
in their communities, country, and the world. Indi-
viduals will need an understanding of history and
how solutions to current problems can often be un-
derstood in terms of problems and events of the past
{Crabtree, 1989; Rogers, 1984).

Over the years, the self-proclaimed leader of the
movement towards democracy has been the United
States; we prideourselveson having one of the oldest
and most effective democracies. Yet, recently there
has been cause for concern regarding the ability of
our own young people to effectively participate in
democratic government. In order to determine if our
young people are armed with the knowledge of
democratic principles and history required by a de-
mocracy, the National Endowment for the Humani-
ties funded the first National Assessment of Educa-
tional Progress (NAEP) of American history (Ravitch
& Finn, 1987). With approximately 8,000, 17-year-
olds enrolled in general education high school pro-
grams tested, the average student answered cor-
rectly only 54.5% of the items he or she attempted.
These results were especially disturbing in view of
the fact that most of these students had previously

taken or were currently enrolied in American his- -

tory,and thatunanswered questions were notcounted
as wrong answers. Perhaps more telling than this
figure is an accounting of the specific items that
students missed. Twenty percent of the students did
not know that George Washington was commander
of the Americanarmy during the Revolutionary War.

"REpfinted from Journal of Learning Disabilitizs (in press) Copy-
righted 1991 by Pro Ed Inc. Reprinted by permission.

'Th.i_s paper wassupported in partby a research grant (G00§7C3034)
from the U5, Department of Education. However, the opiniens
cxpressed in this paper remain those of the authors.
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Forty percent did not understand the system of
“checks and balances” among the branches of the
federal government. Less than one third of the 17-
year-olds knew that American foreign policy follow-
ing World War l was isolationism, who Betty Friedan
and Gloria Steinem are, or to what reconstruction
refers, Ravitch and Finn (1987) in their report of the
first NAEP results concluded that the current gen-
eration of Americans is “at risk of being gravely
handicapped” {p. 200) by their ignorance. Lynne
Cheney (cited in Ravitch & Finn, 1987), chair of the
National Endowment of the Humanities that spon-
sored the NAEP, concluded thatstudentsnotonlydo
not know much about history but that they do not
like it very much either.

While students’ dismal performance in history
can be attributed to many factors, both in and out of
school, thisn article will focus on the influence of
history instruction and textbooks. First, problems
with currently used history and social studies text-
books and instruction will be discussed, including
the effects on students with mild handicaps. Second,
preliminary efforts to develop considerate history
curriculum resulting from a “sameness analysis”
{see Carnine, 1990) will be presented. Finally, re-
search related to the effectiveness of this more con-
siderate history curriculum will be described.

Social Studies and History Instruction
Textbooks

Perhaps the most predominant instructional tool
in America is the textbook (Goodlad, 1976). Ameri-
caneducatorsdepend on the textbook as the basis for
instruction. Textbooks, as a means of providing
information, are used increasingly with each ad-
vancing grade (Armbruster, 1984} and seem particu-

- larly important in social studies and history instruc-

tion (Armento, 1986). Yet, there has been consider-
able criticism of textbooks inm the literature.
Armbruster and her colleagues (Anderson,
Armbruster, & Kantor, 1980; Armbruster, 1984;
Kantor, Anderson, & Armbruster, 1983) have found
that textbooksare frequently “inconsiderate” of their
readers; many are poorly written, incoherent, and
use short, simple sentences. Further, Armbruster
and Anderson (1985} found that the relationships
between sentences, ideas, and concepts are often



vague, and the language is not precise. History
textbooks, in particular, have come under intense
scrutiny of late (Crabtree, 1989; White, 1988). They
have been found to be superficial and to trivialize the
content of history (Crabtree, 1989). Alltoo often, the
major concepts of history are not made obvious
{White, 1988) because the textbooks provide a brief
mentionof everythingand littleif any analysis(Tyson
& Woodward, 1989; Zakariya, 1988). This may be
problematic for students with learning disabilities
who tend to have difficulty memorizing and retain-
ing isolated facts as well as organizing information
into a conceptual framework (Lovitt, 1989; Smith,
1983).

An example of how the superficial treatment of a
topic might make it difficult for the reader, particu-
larly one with learning disabilities, to understand
history’s interrelated concepts, can be seen in a re-
cently published junior high United States history
text (Jacob, Wilder, Ludlum, & Brown, 1988). The
chapter covering Lyndon Johnson’s administration
included short descriptions of the women’s move-
ment, La Raza, the black-power movement, and the
protests by young people. The discussion of the
protest by young people included little more than
statements that young people proclaimed peace and
love, listened to music by the Beatles and Bob Dylan,
protested on campuses, and were against the war.
These isolated facts did not specifically relate young
peoples protests to the disappointing results of the
Great Society, the activism of minorities including
. the increased use of violence, and, perhaps most
importantly, the Vietnam War, a confiict that was
deeply dividing the American People. The intensity,
importance, and relationship of the events of the
sixties can not be gleaned from this account of the
young people living at the time. The superficial
treatment of events and failure to clarify and inte-
~ grate major concepts is not limited to this text or to
junior high texts. Beck, McKoewn, and Gromoll (in
press) recently concluded their in-depth evaluation
of fourth and fifth-grade American history texts by
stating that the texts did not present informationina
way that facilitated the organization of facts into a
coherent whole. '

Instructional Approaches

Because social studies and history instruction are
so dependent on the text, it is not surprising that
history instruction also has been criticized. Anin-
depth review of the literature on social studies in-
struction is beyond the scope of this article; the
interested reader is referred to Brophy's (1990) re-
cent comprehensive review of the literature regard-
ing the goals, content, and pedagogy of social studies

instruction. For our purposes, the discussion of
social studies instruction will be limited to three
common approaches: the traditional content ap-
proach, the inquiry approach, and the balanced ap-
proach (Brophy, 1990; Kaltsounis, 1987; Savage &
Armstrong, 1987). The traditional method is com-
monly delivered through lecture and recitation and
considered predominantly analyticinnature (Ravitch
& Finn, 1987). This approach involves identifying
key concepts students are to learn, and thenreducing
these concepts to a list of specific statements
(Kaltsounis, 1987; Savage & Armstrong, 1987). While
breaking objectives down into component knowl-
edge seemslaudable, this approach may be problem-
atic from the learners’ point of view. For example,
the causes of the American Revolution might be
reduced to: .
the Wool Act, the Hat Act, the Iron Act, the Naviga-
tion Acts, the Sugar Act, the Stamp Act, and so forth.
The learner could easily become caught up in learn-
ing the details of each regulation and taxationactand
miss the bigger picture, namely that Britain wanted
control of production, navigation, and taxation in
order to benefiteconomically from the colonies. This
listing and memorization of seemingly unrelated
facts is particularly likely to occur when the tradi-
tional approach is combined with common adminis-
trative pressures to “cover” the curriculum; a situa-
tion that can result in the superficial treatment of
issues for efficiency sake. Thus, good students may
come to view their task as one of learning many
details with little or no understanding of the higher-
level structure and conceptual networks; less-able
students may come to view their task as simply
impossible. It is no wonder that all too many stu-
dents neither know much about history nor like it.
Inquiry approaches tend to differ from traditional
approaches mainly in the way instruction is deliv-
ered. Traditional history instruction is carried out
through discussion, lecture, and studentreports (Voss,
1986) in which the teacher directs learning. Inquiry
approaches are more student centered; that is, teach-
ers guide students in discovering information and
act as a resource in helping the students induce
generalizations (Kaltsounis, 1987). While the inten-
tion of this approachis to foster higher-levellearning
by teaching inductively, in practice, teachers using
inquiry methods still tend to stress lower levels of
learning such as recalling facts (Kaltsounis, 1987).
Thus, as in the traditional approach, students come
to perceive history as a matter of learning isolated

- facts.

The balanced approach (Kaltsounis, 1987) is an
attempt to integrate the best elements of the tradi-
tional and inquiry approaches. A number of recently
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had been developed to facilitate general comprehen-
sion (Brophy, 1990), and not history content per se.
Forexample, Brownlee (1988)and Waltonand Hoblitt
(1989) suggested teaching students to map the com-
ponents of narrative grammar, such as the setting,
characters, problem, goal or plan, actions, and out-~
come. Finally, some have suggested techniques for
understanding history content through the identifi-
cation of commonly used text structures, and the
words or phrases that signal their usage. For ex-
ample, Devine (1987) suggested students be taught
to organize notes using Meyer’s (1975) analysis of
expository thought or text structures including col-
lections, descriptions, causation, problem/solution,
and comparison. While teaching students to identify
these text structuresin controlled passages has proven
to facilitate students’ comprehension and under-
standing (Horowitz, 1985a, 1985b), our experience
teils us that it is difficult for trained graduate stu-
dents to identify these structures in history text-
books and exceptionally difficult for students with
. mild handicaps(Kinder, Bursuck, & Epstein, in press).

Armbruster and Anderson (1985) suggested an
analysis or strategy similar to Devine’s (1987); how-
ever, they identified a single structure or frame that
appeared to account for many of the events specific
to history. Armbruster and Anderson termed their
structure Goal-Action-Outcome (GAO) based on the
presumption that the components of goal, action,
and outcome constituted the heart of historical events.
Armbruster and Anderson illustrated this frame-
work with a GAO analysis of the formation of the
Massachusetts state government following the
Revolutionary War. The goal was to establish a
government that derived its power from the people
and that could be changed by the people. The action
or process used to achieve this goal was a state
Constitutional Convention. The outcome was the
establishment of a three-branch government with

ost power reserved for the people.
T While the use of one consistent analysis or frame
has merit, it appears that the GAO frame does not
consistently clarify historical events, For example,
the GAO analysis implies that people or govern-
ments have a visionary, proactive approach to ac-
tions. Our analysis indicates, however, that the
decisions and actions of people and governments
tend to be more reactive in nature. We propose that
people and governments are reacting to problems,
that thecauses of these problems aresmall in number
and that there are a few, commeon selutions to these
problems. The outcomes or effects of these solutions,
though notalwaysclearly stated in textbooks, might,
in fact, result in other problems. This problem-
solution-effect analysis seems to provide a frame or

schema for many historical events.

Examples may help the reader to see how this
problem-solution-effect analysis can facilitate un-
derstanding the relationship between events, facts,
and concepts. Asnoted previously in this article, the
traditional approach to teaching the causes of the
Revolutionary War relates a series of acts imposed
on the colonies by the British (e.g., the Wool Act, the
Hat Act, the Iron Act, the Navigation Acts, the Sugar
Act, the Stamp Act, etc.). By using the problem-
solution-effectanalysis, linkages between these regu-
lations can be established, making them easier to
Iearn. The problem-solution-effect analysis would
illustrate that prior to the Revolutionary War, En-
gland needed to import raw materials for industries
that often did not show a profit; moreover the En-
glish government had debts from the French and
Indian War—both problems based in economics.
England’s solution to the problems was to pass a
number of revenue-prod ucing laws that required the
colonists to buy manufactured goods from England,
sell raw materials only to England, and tax many
itemns brought into the colonies. The effects of these
laws were that the colonists became angry, smuggled
goods in and out of the country, and boycotted the
purchase of some English goods.

This problem-solution-effect analysis seems to
“fit” many other historical events as well. Consider
the invention of the cotton gin. Generally, the iso-
lated fact that Eli Whitney invented the cotton gin is
taught; however, the need for the cotton gin at that
time and the historical effects of this invention usu-
ally are not made clear. The problem-solution-effect
analysis shows these causal connections. Unlike the
cotton grown in Egypt, most of the cotton grown in
the southern United States was short-staple cotton.
The short fibers made it difficult and expensive to
remove the seeds©®™another economically-based
problem. The solution was Eli Whitney’s invention
of amachine to remove the seeds. The effect was that
much more cotton could be cleaned in a day. Thus,
farmers could sell more cotton, and were in turn
motivated to grow more cotton, which ultlmately
increased the need for slaves.

Our final example demonstrates another recur-
rent source of problems in history; namely, human
rights. In the early 1800s the Mormons had a prob-
lem with people from the majority culture who did
not approve of their practice of polygamy or their
belief that Mormons were the chosen people. The
problem escalated to the point that two Mormon
leaders were killed. The Mormons’ solution was to
move west to Salt Lake where no one woulid interfere
with their religious practices.  The result of this
migration was that the Salt Lake settlement became
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Unified Social Studies Curriculuni—Continued

a successful farm community with representative
government and religious freedom.
It appears that the problem-solution-effect analy-

sis not only consistently “fits” historical events and

demonstrates what Brophy (1990) has termed a net-
work of information, but captures a sameness in the
types of problems and solutions found in social stud-
ies as well. Frequently problems involve economics,
though occasionally religious freedom or human
rightsareissues. The solutions are more variable, yet
limited to several categories: fighting, moving, in-
venting, accommodating, or tolerating the problem.

Given the apparent potency of problem-solution-
effectanalysisininterpreting history, students tau ght
to identify the problems, solutions, and effects in
historical events might then look for these features
when reading history, thereby providing them with
a framework for organizing and understanding in-
formation. Nonetheless, while the incorporation of
this analysis into a curricular form appears promis-
ing, it will certainly need to meet what Gersten and
Woodward (1990) have called the “reality principle.”
That is, the curriculum must be concrete, manage-
able, and workable in order to be implemented. The
following section describes our initial attempts to
incorporate the problem-solution-effect analysisinto
a complete, workable history program.

History Instruction Model

The program (Kinder, 1989) consists of a scripted
teachers’ guide designed to accompany the Holt,
Rinehart, and Winston’s United States history text
(Reich & Biller, 1988). This textbook was considered
to be relatively “considerate” of the reader in a re-
view of ten commonly used American history texts
(Kinder et al., in press). That is, the text employed
" features considered to be reader friendly (Dreher &
Singer, 1988) such as introductions that reviewed
previous content and previewed the upcoming con-
tent, summaries, and a higher thanaverage use of the
problem-solution text structure. The repeated use of
explicit problem-solution structures was particularly
attractive given our previously espoused views re-
garding the benefits of problem-solution-effectanaly-
sis.

The complete program includes preskills instruc-
tion, problem-solution-effect analysis and note-tak-
ing, vocabulary and time-line note-taking, and a
reciprocal questioning component. As stated previ-
ously, the analysis of historical events showed that
economics was the cause of many problems. There-
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fore, prior to teaching students the problem-solu-
tion-effect analysis, basic economic principles were
taught as preskills. Students learned that countries,
companies, farms, and individuals have a balance of
“money in” and “money out”. Farms, for example,
have “money in” from the sale of crops, but “money
out” for salaries for farm workers, purchasing seed,
fertilizer, and machines, transportation for crops to
market, and so forth. Students learn that the pre-
ferred balance is greater “money in” than “money
out”.

The problem-solution-effect analysis and note-
taking procedure was also taught in isolation, prior
to using it with the textbook. During preskills in-
struction, students read a number of unrelated pas-
sages that each included explicitly stated problems.
For example, students read about farming in New
England. Like many other problems, the problemin
New England related to economics. With thin, rocky
top soil and a short growing season New England
farmers could not produce enough crops to sell;
therefore, more money went out than came in. The
solutions were to farm on the coastal plains, grow
crops that did not need a long growing season, and
raise animals. The effect was that farmers could
grow enough to meet their “money out” but little
more; hence, we have the presence of subsistence
farming. Initially, the teacher modeled the proce-
dure of identifying the problem, solution, and effect
and students wrote the notes. The teacher’s model
demonstrated that for many events in history, four
questions can be asked and answered: What is the
problem? Why was it a problem? (often economic),
What was the solution? (move, fight, invent, toler-
ate) and What was the effect? Later, students read
explicit passages; this was followed by the teacher
asking probing questions, and thenleadinga discus-
sion of the problem. Students took notes by dividing
the notebook paper into three columns, one each for
problems, solutions, and effects.

After preskills instruction, active teacher-led in-
struction using the textbook continued to illustrate
the connection among facts utilizing the problem-
solution-effect analysis. Initially, students recited
the four problem-solution-effect questions and read
a “chunk” of text as identified in the scripted teach-
ers’ guide. After the students had finished reading,
the class discussed the problem, why it was a prob-
lem, the solution, and the effect. Students then wrote
the answers to these questions using a structured
note-taking system and repeated the problem-solu-



tion-effect analysis on the next “chunk” of informa-
tion.

Figure 1 shows one student’s problem-solution-
effect notesonthe topicof colonial trade (the student’s
spelling and sentence structure were not corrected).
This figure not only illustrates the student’s analysis
of an economic problem but also the understanding
that asolution such as the Navigation Acts canresult
inanother problem (colonists had more “money out”
than “money in”). The problem-solution-effect notes
illustrate the linkage of information and facts as
opposed to the more common practice of presenting
facts in isolation. The expectation was that through
repeated exposure to the problem-solution-effect
analysis students would be able to identify impor-
tant information, incorporate that informationintoa
network, and retain this network of information
more easily than isolated facts.

While the problem-solution-effect analysis was a
key component to the history curriculum, it was not
the complete model. Ravitch and Finn (1987) have
made a strong case for including chronology in his-
tory instruction. Therefore, in addition to problem-
solution-effect notes, students also developed a time-
line to accompany each chapter showing the se-
quence of events. Further, in view of the evidence
that vocabulary instruction can enhance reading com-
prehension (McKeown, Beck, Omanson, & Perfetti,
1983) a strategy to decipher key vocabulary words
was included in the program. Like most middle or
junior high school American history texts (Kinder, et
al., in press) the Holt, Rinehart, and Winston (Reich
& Biller, 1988) text printed key vocabulary in bold-
face type. Students were taught to identify these
vocabulary words, determine the meaning from the
text, and record the word and its meaning in their

notes. Thus, to summarize the textbook-reading
strategy, the students read a passage; with the
teacher’s assistance analyzed the problem, solution,
and effect; and wrote structure notes. After complet-
ing their problem-solution-effect notes for the entire
chapter, the students reviewed the chapter, devel-
oped their time-lines, and wrote the definition of
each text-identified vocabulary word.

In addition to writing cohesive content notes, vo-
cabulary notes, and time-lines, students were taught
a strategy for studying their notes (Armbruster &
Anderson, 1981). This involved a reciprocal ques-
tioning strategy; for each event, students were taught
to ask each other why certain actions were talken, For
example, one question about the cotton gin mightbe,
“Why did Eli Whitney invent the cotton gin?” and
the answer was a statement of the problem (“South-
ern cotton was short-staple cottonand it was difficult
and expensive to remove the seeds.”} A second type
of question asked the results of the actions; “What
was the effectof the invention of the cotton gin?” The

" answer to this type of question is the effect—in this

casemore cotton could be cleaned, more cotton could
be grown, and there was an increased need for slaves.

Students were also asked to review the definition
of termsand to put two or three events in chronologi-
calorder. Toavoid the meaningless memorization of
dates in the chronology questions, students were
asked to state why it made sense that one event
would happen before another. For example, “Why
does it make sense that the Constitution was written
before George Washington was elected president?”
This review component could be organized in a
variety of ways—teacher directed, cooperative learn-
ing groups, or individualized. Reciprocal question-
ing was utilized to encourage students to develop

Figure 1. Structured Notes for Problem-Solution-Effect as Prepared by One Student,.

Chapter 4 Making a Living
Section 2 Colonial Trade

Problem

Soluton

Effect

England was unhappy cause
Dutch was getting all the money.

all good

The Navigation Acts

They started a thing called the
Navigation acts they said.

1. The English ships had to carry

"The shipbuilding grew.
They had to sell their goods for
lower prices.
Had to pay more for foreign
goods.

2. They had to sell goods only

to England

3. They put tax on some good
shipped from foreign colonies

The colonists had to pay more

than what they got back. of the USA.

They smuggled goods in and out

Englands to far away to stop
them.
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Unified Social Studies Curriculum—Continued

self-questioning strategies. This required students
to not only be able to answer questions, but also to be
able to ask questions similar to those that mightbeon
a test.

In summary, the complete program consisted of
teacher directed discussion to analyze the problem-
solution-effects for each “chunk” of information,
recording notes regarding this analysis, developing
a time-line, and defining vocabulary. This note-
taking process was followed by studying the net-
work of information, time-line, and definitionsusing
reciprocal questioning,.

Preliminary Findings

The effectiveness of the American history pro-
gram described above has been examined in two
studies, one of which has been completed (Kinder &
Bursuck, 1990) and the other is in progress. The first
was a multiple baseline study across three junior
high school special education classrooms of 4 to 10
school-identified students with behavior disorders,
learning disabilities, and mild retardation. During
baseline, the Holt, Rinehart and Winston (Reich &
Biller, 1988) text was used along with a “traditional”
approach. Students read and discussed the text,
answered textbook and workbook questions, and
took tests. The baseline and intervention tests in-
cluded vocabulary items and time line questions in
addition to short answer and multiple choice ques-
tions that were designed to determine if students had
integrated information gleaned from larger sections
of the text. The average baseline scores for the three
classrooms ranged from 45% to 57%. The three
special education teachersthen introduced the Ameri-
can history program sequentially under the require-
ments of the multiple baseline design. In all cases,
test scores immediately and dramatically improved;
the average scores for the three classrooms while
using the program ranged from 78% to 85%. In
addition, consumer satisfaction surveys indicated
thatboth the students and the teachers were pleased
with the program.

Although the study appears to indicate that the
strategy is successful in teaching American history
content to students with mild handicaps, whether or
not the students could independently apply the strat-
egy to the program textbook or other texts was not
investigated. A study in progress is examining this
issue. Certainly it is hoped that the independent
usage of the strategy would help students withlearn-
ing disabilities be more successful in general educa-
tion history classes -
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Conclusion

Recent findings on the outcomes of history in-
struction in the United States indicate a crucial need
for social studies curricula that go beyond current
practices that frequently stress the memorization of
isolated facts. The social studies curriculum de-
scribed in this article is only the first step in the
developmentof whatCarnine (this series) has termed
“intelligently organized curricula.” While prelimi-
nary indications are that this curriculum can beeffec-
tive, it is not without its limitations. Social studiesis
a very diverse field including many disciplines: his-
tory, civics, geography, psychology, and so forth.
The curriculum described here is specific to the dis-
cipline of history., Other disciplines will require an
analysis specific to their content. The curriculum
described in this paper attempts to teach a “mean-
ingful understanding of coherent networks of infor-
mation” (Brophy, 1990, p. 369). However, other
higher-order applications commonly included in the
literature such as critical thinking, decision making,
and citizen-participation activities are not included
in this curriculum.

In spite of these limitations, we believe that the
work described here represents the beginning of an
empirical base in support of a unified curriculum
that integrates facts and concepts into a network of
knowledge. It is our hope that future research will
reveal instructional approaches that teach higher-
order thinking skills in all social studies disciplines.
Translation of this research into easily comprehen-
sible teaching procedures (Gersten & Woodward,
1990) and effective staff development (Joyce & Show-
ers, 1988) then will be required to ensure more 5uc-
cessful instructional outcomes for handicapped and
nonhandicapped learners as well. ¢
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by Siegfried Engelmann
Douglas Carnine
Don Steely

Poor performancein mathematics extends beyond
students with Jearning disabilities and from impov-
erished backgrounds. In the National Assessment of
Educational Progress (Carpenter, Coburn, Reys, &
Wilson, 1976), only 25% of the 4th-graders and 62%
of the 8th-graders could solve five story-problems
(one using each basic operation, and one requiring
two operations). Their performance dropped even
further during thenext five years (Carpenter, Corbitt,
Kepner, Lindquist, & Reyes, 1981). Atthattime,only
1/3 of 7th-graders could add fractions such as 1/3
and 1/2 (Peck & Jencks, 1981). Improvement since
then has been slight. During the 1989-1990 school
year, the estimate is that only 50% of the high school
juniors and seniors will master Bth grade mathemat-
ics. Fifty percent represents quite an improvement
from Bth grade where the estimate s that only 16% of
the students will have mastered the content of typi-
cal 8th-grade math textbooks (Anrig & LaPointe,
1989).

International comparisons reveal similar prob-
lems. The Underachieving Curriculum { 1987) com-
pared Bth-grade students from 20 countries {(ranging
from Swaziland and Nigeria, to Sweden, Thailand,
and Luxembourg). U.S. students ranked 10th out of
20 in arithmetic, 12th of 20 in algebra, 16th of 20 in
geometry, and 1 7th of 20 in measurement. Although
40% of U.S. 13-year-olds could regularly solve two-
step problems, close to 70% of their Canadian coun-
terparts could do so. About 95% of U.S. students are
“below average” in comparison to Japanese students.

Yet the new standards from the National Council
of Teachers of Mathematics {1989) don't directly
address these problems, but go on to more far-reach-
ing goals:

To value mathematics.

To reason mathematically.

To communicate mathematics.

To solve problems.

To develop confidence.

It scems, at least, that the U.5.is well on its way to
reaching the fifth broad goal of the National Council
of Teachers of Mathematics—to instill confidence. A
study reported that American 13-year-olds placed
last in math and next to last in science when com-

*Reprinted from Journal of Learning Disabilities (in press) Copy-
righted 1991 by Pro Ed Inc. Reprinted by permission.
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pared with students in four other countries and four
Canadian provinces. Although U.S. students were
last in mathematics knowledge, 58% said they were

ood at math. Conversely, although Korean stu-
dents ranked highestin math, only 23% of thatnation’s
students reported that they were good at math
(LaPointe, Mead, & Phillips, 1989).

The Conventional Mathematics Curriculum

Developing competence in U.S. students will not
be as easy as building their confidence, in part, be-
cause of the ways in which mathematics instruction
occurs and the structure of the textbooks that define
the curriculum. For example, Porter’sresearch (1989}
identified four weaknesses that directly affect the
development of students’ problem solving skills: (1)
an inordinate amount of time is spent teaching com-
putational skills, at the expense of concept under-
standing and problem solving [further corroborated
by Perkins and Simmons (1988) and Hamann and
Asheraft (1986)]; (2) 70% or more of the topics cov-
ered received less than 30 minutes of instruction time
(these were “taught for exposure”); and (3) thereare
large differencesamong teachersin the actualamount
of time spent teaching mathematics.

The fourth weakness, the “low-intensity curricu-
lum,” wasalso cited by the 1987 Second International
Mathematics Study, which lays the major blame of
poor student performance on the spiral curriculum.
“Content and goals linger from year to year 50 that
curricula are driven by still unmastered mathemat-
ics content begun years before” {p. 9). The National
Council of Teachers of Mathematics (198%) also noted
the need to change the “repetition of topics, ap-
proach,and level of presenta tionin grade after grade”
(p. 66). This comment is directed at the spiral cur-
riculum, in which each concept is revisited year after
year. :

The intent of the spiral curriculum is to add depth
each year, but the practical result is the rapid, super-
ficial coverage of a large number of topics each year.
As an example, the topic of fractions isintroduced in
the kindergarten level of a 1991 edition of a major
math series and continues through grade8. Accord-
ing to the suggested pacing guidelines, by theend of
8th grade students will have spent more than 120
days on fractions, most of it review and reteaching
tasks from previous years. The analysis of another
currently popular math series shows that 76% of the
materialin grade 6isteview, 80% ingrade 7 and 82%
in grade 8. Despite this enormous amountof instruc-



tion and review, other factors must be involved
because, as noted earlier, by 7th grade only 1/3 of the
students canadd fractions,suchas1/2and 1/3 (Peck
& Jencks, 1981).

In contrast to the United States, where fraction
instruction begins in grade one and repeats annually
amidst numerous other mathematics objectives,
France introduces fractionsin a single grade (i.e., 7th
grade). At the end of 7th grade, French students are
more proficient in fractions than students in the
United States. The “low intensity” math curriculum
in the U.S. is believed to be a major cause of the U.5.
students’ poor performance (International Associa-
tion for the Evaluation of Educational Achievement,
1987).

Research underway at the University of Oregon
has identified a number of additional factors that
might be contributing to the poor performance of
US. students (Carnine, in press). These factors,
which are based on an extensive review of math and
concept teaching research (Dixon, 1990), are being
used as criteria in evaluating math basals published
both before (the 1980s) and after (the 1990s} the
publication of the NCTM standards.

The preliminary findings are basically the same
for both the 1980's and the 1990’s versions of the
programs (e.g., Silbert & Carnine, 1990a; 1990b) can
be summarized as [ollows:

1. Provisions to ensure that the students have the
" relevant prior knowledge are often marginal. For
example, one lesson from a sixth-grade basal used
five geometry terms (pentagon, scalene triangle, equi-
lateral triangle, octagon, hexagon) that were not
taught earlier in the book and may or may not have
been remembered from fifth grade.

2. The rate for introducing many concepts is too
fast. For example, three new types of multi-step
problems were introduced in one lesson of a fourth-
grade text: (a) three numbers where the sum of two
quantities is subtracted from a third number, (b}
three numbers where a third number is subtracted
from the sum of two quantities, and (¢} four numbers
where two sets of quantities are added and the sum
of one set is subtracted from the sum of the other set.

3. The presentation of strategies often lacks logi-
cal coherence. The majority of strategies in a fourth-
grade text were too general to be of any real value to
lower-performing students. Examples of these gen-
eral strategies included the following: (a) “Ask the
guestion another way,” (b} “Undo key actions,” (¢)
“Find a related problem,” and {(d) “Look for a
pattern.” In addition, explanations for how these
strategies worked were not given.

4, Many instructional activities do not communi-
cate in a clear, concise manner. For example, in one

first-grade lesson, students were to answer the ques-
tion, “How much do 3 lizards cost?” The teacher’s
question, “How will you know what to draw for 3
lizards?” was largely unrelated to the operation re-
quired (e.g., multiplication as repeated addition).
The lesson provided a table with the necessary data
about lizards and cost. However, there was no
strategy taught to determine the operation needed to
solve the problem. :

5. The transition, in the form of guided practice,
between the initial teaching stage and the stage where
students work independently is usually inadequate.
For example, in one first-grade lesson, students are
expected to independently work a difficult type of
word problem in the lesson in which that type is first
introduced, “The girlsmadebirdhouses. 4 housesare
yellow. There is 1 less red house than yellow, and 1
less green house than red. How many housesinall?”

6. The review provided to ensure that students
will remember what they’velearnedisat timessparse
(e.g., once every month-and-a-half) or absent en-
tirely.

These six deficiencies with math basals are par-
ticularly serious because fundamentally, all math
basals are quite similar. This homogeneity reflects
the influence of the size of the state-wide adoptions
in California, Texas, and Florida. To conform to the
guidelines in these states, publishers end up acting
as if all students “require or benefit from the same
instructional goals and sequences,” but to the extent
that curriculum uniformity is achieved, “the ability
to meet the diverse needs of students is reduced”
(Tulley & Farr, 1985, p. 1). This observation is con-
firmed by the finding that pedagogy and educational
research are seldom mentioned as factors influenc-
ing the judgments of selection committee members
(Courtland et al., 1983; Powell, 1986).

Although some studies, such as Hamann and
Ashcraft (1986), indict all areas of instruction in
mathematics, the most prominent focus of poor per-
fogmance has been on problem solving. The National
Council of Teachers of Mathematics (1980) claimed
that “problem solving must be the focus of school
mathematics in the 1980's” (p. 2} and again empha-
sized itin their 1989 Standards, “The development of
each student’s ability to solve problems is essen-
tial...” (p. 5).

Despite the concern about problem solving over
the last ten years, educators have not yetevenagreed
on its definition. Some have decided that problem
solving involves written problems that “require stu-
dents to read several sentences, decide how to orga-
nize the problem, and to solve or compute the prob-
lem they have created” (Wheeler & McNutt, 1983, p.
309). Some think that problem solving “should in-
volve a child in gathering, organizing, and interpret-
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ing information so that he can use mathematical
symbols to describe real world relationships”
(Ashlock, Johnson, Wilson, & Jones, 1983, p. 239).
Still others see it asa “selected sequence of activities,
situations, contexts, and so on, from which students
will, it is hoped, construct a particular way of think-
ing” (Thompson, 1985, p. 191).

Heller and Hungate (1985) have noted that the
goal of the current general-strategies approach to
problem solving is to promote “competent novice”
performance, rather than expert performance that
relies heavily on domain-specific knowledge. After
finding that general mathematics problem-solving
ability did not improve after instruction in a pro-
gram designed to teach general problem-solving strat-
egies, Derry (1989) questioned the goal of promoting
competent novice performance. Derry recommends
that mathematics instructional research take a new
direction, i.e., thatof identifying strategiesand train-
ing methods that foster expert use of those specific

strategies, rather than competent novice use of gen-

eral strategies. According to Derry, such instruction
must begin with an analysis of the core set of strate-
gies that are recognized and employed by domain
experts and be driven by that analysis rather thanby
attempts to teach general strategies. The present
article iltustrates such a curricular analysis for effec-
tively teaching a group of related “problem solving”
skills that are often not learned well by students.

The curricular techniques that are presented do
not identify various details of instruction that would
have to be orchestrated to make the instruction effec-
tive. Rather, it attempts to provide an illustration of
a curricular sequence that has the potential to work
well {much better than traditional approaches) for
tcaching the concepts.

The teaching approach to be outlined derives from
the quality-sameness analysis formulated by En-
gelmann and Carnine in Theory of Instruction (1982).
The analysis provides a fairly rigorous viewpoint for
dealing with the ideas and skills that are to be taught.
It further provides tests for designing material in a
way that will focus teaching on demonstrating how
related concepts are the same and minimize the need
to teach a variety of different strategies. When ap-
plied to some skills, such as “problem solving,” the
analysis resultsin a wholesale reorganization of con-
tent.

Quality-Sameness Analysis

A fundamental assumption of teaching is that the
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aking Connections in Mathematics—Continued—

stimuli the teacher presents (explanations, examples,
reinforcement) cause changesin the learner. 1deally,
they cause the learner to learn the ideas, relation-
ships, or concepts the teacher intends to teach. The
learner, however, is naive. Evenif the learner under-
stands that the teacher is trying to communicate
information about something the learner is expected
to master, the naive learner has no preknowledge of
the concepts. Whatever learning is induced will bea
function of the teacher’s efforts. When instructicnis
viewed in this manner, the nature of what the teacher
does to communicate concepts and relationships
becomes extremely important. The learner is trying
to extract qualities from what the teacher says. The
teacher may be trying to teach the learner about
fractions, for example. From what the teacher does,
the learner will abstract qualities, The learner will
formulate a concept of what fractions are. This
formulation can be inferred largely by the learner’s
performance on tasks. 1f we present some of the tasks
that teacher presents, we'll be able to see whether the
teacher has communicated effectively with those
examples. 1If we test the learner on additional ex-
amples—those that fall outside the range of what the
teacher did—we'll be able to learn more about the
learner’s notions of what the concepts are. A third
way of assessing the learner’s knowledge is to take
the next steps in instruction, introducing new frac-
tion concepts.

Range of Examples

Possible problems that the learner exhibits may
reveal “misconceptions” in the learner’s
conceptualizations. For instance, following the ini-
tial teaching of traditional fraction activities, we dis-
cover that the children can “generalize” to examples
that have anumerator of 1 (such as 1/5), even though
those examples were not presented in initial instruc-
tion. (The only examples presented were 1/2, 1/3,
and 1/4.) We discover, however, that none of the
children can generalize to an example that does not
have 1 as a nurnerator, such as 2/3 or 2/4. If all the
examples presented show fractions that are less than
one whole, some learners understandably will as-
sume that fractions must be less than one whole. 1f
fractions are illustrated only with parts of “equal
size” on two-dimensional figures, some childrenun-
derstandably will fix on the idea that fractions must
be associated with “geometry” or “figures.”

A curriculum with these types of examples will
cause a serious problem for some of the children,



because it is teaching thema distorted notion of what
fractions are, how to decode them, and how they
relate to whole numbers. (This is not to say that it
will necessarily. fail with all learners, simply those
learners who don’t achieve mastery.) The quality-
sameness analysis assumes that all learner generali-
zations are based on perceived sameness of quality
in the examples used in instruction. Inability to
generalize implies that the quality-sameness basis
for the generalization has not been communicated,
and the cause should be looked for in the teaching
examples.

The solution to such problemsis to design curricu-
la in a way that such misconcepts are eliminated or
virtually eliminated. Learners could not assume that
fractions always have a numerator of 1 if inifial
teaching presented fractions that have a numerator
that is not one. Learners could not assume that
fractions are less than one whole if the instruction
presents fractions that are more than one whole quite
early in the sequence. Learners could not assume
that fractions apply only to geometry if the examples
include non-geometric problems and applications.

Explicit Instruction about Important Samenesses

The quality-sameness analysis further assumes
that children will appreciate how fractions are the
sameif theyare provided withinstruction that clearly
shows the qualities that are the same. There are
many sameness qualities in fractions. The most
basic, however, is the idea that the numerator and
denominator give information about how to trans-
late the fraction into something the learner already
understands-—a number line or parts of a whole.

Therefore, quality sameness instruction would
not start with 1/2 or 1/3, but would start with the
generalizable quality of fractions and would frame
instruction so it presented one-and-only-one inter-
pretation about what fractions are and how they
relate to things.

‘Learners would be taught these two rules for
analyzing fractions:

The bottom number tells the number of parts in
each group.
The top number tells the number of parts you use.

The initial range of examples would include frac-
tions with various numerators and denominators:
5/3, 2/5, 4/4, etc. The activities would include
making “pictures” for different fractions and writing
the fraction for different pictures. Note that both
activities derive from the rule about fractions. The
rule tells how all fractions are the same.

To construct a picture for 4/2, children apply
the rule. The bottom number tells the number of

parts in each group. Children divide each group

into 2 parts:
O O O

The top number tells the number of parts to use, so
children shade 4 parts.

©

The same operational steps are used to process
every fraction. All have the same qualities—the
same number of parts in each group as the bottom
number of the fraction; the same number of parts
shaded as the top number of the fraction. To con-
struct fractions from pictures, children examine the
“picture” for the number of parts shown in each

e @

They write that number as the bottom number of the

fraction: 4. They then determine the number of
parts that are shaded. They write that number as the

top number of the fraction: %

The amount of teaching required to teach the basic
fraction analysis is relatively small compared to the
number of fractions children learn. Children pre-
dictably generalize to the full range of fractions that
have not been directly taught. (For instance, they
would be able to write the fraction for a display that
showed 20/14.)

Research

Curricular practices based on the analysis of qual-
ity sameness have generated six research studies
involving math concepts. These studies deal with
multiplication, division, fractions, ratios, proportions,
and their associated word problems. In these stud-
ies, all treatments included active teaching tech-
niques, but each compared different curricula. Al
studies, which are summarized in Table 1, included
low-performing students. The subjects in five of the
six studies included students with learning disabili-
ties. In all studies, the quality-sameness assump-
tions tend to be confirmed. The curricular treat-
ments based on a quality sameness analysis resultin
better learning.

For example, in the Kelly, Carnine, Gersten, and
Grossen (1986) study, more than half the subjects
were students with learning disabilities. The stu-
dents who received instruction based on a sameness

" analysis were explicitly taught how to interpret the

top and bottom numbers of fractions. Moreover, the
students worked with a full range of fractions, with
values greater than one as well as less than one. Only
8% of these students made errorsin writinga fraction
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to represent shaded regions. In contrast, 75% of the
students who received traditional basal instruction
made mistakes. Principles of the quality-sameness
analysis, such as making important samenesses ex-
plicitand providinga full range of examples, seem to
more clearly communicate concepts to students, es-
pecially those with learmng dlsablhtles

laking Connections in Mathematics—continued—

Sulvmg Difficult Math Problems

The details of the quality-sameness analysis for
math problem-solving skills did not emerge . full-
blown or perfect. It was shaped over time by work
with students as part of the authors’ development of
instructional programs such as Connecting Math Con-

Table 1. ‘Establisheéd Research Base in Matheinal:ics

Authors

- Topic

Results

Gleason, Carnine, &
Boriero (in press)

Moore & Carnine (1989)

Kelly, Gersten, &
Carnine (1990} -

Kelly, Carnine, Gersten,
& Grossen (1986)

Darch, Carnine, &
Gersten (1984)

Gersten & Carnine
(1982)

Teachi}ng mull-ipli‘c:atign and division
word problems to mildly handi-
capped middle-school students.

Teachmg ratio and proportion word
problemnis to handicapped and re-
medial secondary students.

Teaching fraction concepts to handi-
capped and remedial secondary
students.

. Teaching fractions to handicapped

and remedial secondary students.

Teaching multiplication and division

word problems to skill-deficient
rnlddie-schoo] students

Longitudinal field research on skill-
deficient and handicapped students
in 12 school districts.

Students receiving a curriculum

- based on the sameness analysis;

whether from a teacher or com-
puter, progressed from a chance
level to a 90% accuracy level.

Students receiving active teach-
ing and curriculum based on the
sameness analysis had higher
posttest scores than students
receiving active teaching with a
traditional curriculum.. -

Students receiving a curriculum
based on the sameness analysis

. made fewer conceptual errors
- than smdents receiving traditional
-instruction. .

Students receiving active teaching

" in a curriculum based on the same-

riess analysis scored ‘higher on
post and maintenance tests than
students receiving active ‘teaching

witha tradmonal curnculum

Students recewmg active teaching
in a curriculum based on the same-
ness analysis scored higher on

post and maintenance tests than
students receiving traditional cur-
riculum and instruction.

Students at the end of third grade
receiving four years of Direct

- Instruction scored higher.on
_.concepts, application, and problem

solving than students receiving de-
velopmental, discovery, Piagetian,
and other popular instructional
approaches.
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cepts (Engelmann & Carnine, 1991). In its final form, -

the analysis groups the following problems as “sib-
lings,” in that they are the same in important ways.
The quality sameness may not be immediately obvi-
ous.

There are 168 workers at a plant.

144 of them are in the union.

If you approached a worker in that plant, what
is the probability that the worker is not in the
union?

Rita went on a trip.

In the morning, Rita drove a steady 60 mph.
In the afternoon, she drove for three hours and
traveled 120 miles.

‘The entire trip was 300 miles.

What was her average speed for the whole trip?
How many miles did she travel in the morning?
How many hours did she drive in the morning?

There are perch and bass in a pond.

The ratio of perch to bassis4 to 7.

1f there are 308 fish in the pond, how many are
bass?

How many are perch?

Linda had a stamp collection.

She sold 146 stamps.

She ended up with 152 stamps.

How many were in her original collection?

'The problems are the same in that part of their
solution involves “adding” or “subtracting.” The
addition-subtraction component interfaces with
multiplication in all but the last problem. Further-
more, there are many other “subtypes” of problems
thathave the same logical characteristics as the sample

presented above.

'~ Thelogicisthatifa valueis the ‘whole” or “all” or
_“total” or “more than” the only other compared
value, the value can be expressed as the sum of other
values. The values can be shown as:

a b
Cis the “total” or “all.” A, B, and Ccan be expressed
by adding or subtracting. '

a=c-b
b=c-a
c=a+b
c=Db+a

This is the fundamental logic of sets. The universe
is “all:” 1t is composed of the set and the comple-
ment.

co Iaman
set mp ! unjversa

The same “addition” and “subtraction” relation-

ships apply to these entities. The set equals the
universe minus the complement. The complement

. equals the universe minus the set, etc.

The first three examples of story problems also
involve a multiplication relationship. Multiplication
can be expressed asa umque ordering of 2 values:

a(-m)-

This ordering is parhcularly 1mportant when one
deals with problems involving fractions. The values
for ratios, for instance, are related by multiplication.

While the description of the addition relationship
and the multiplication relationship may seem both
very “abstract” and only peripherally related to any
effective teaching of problem solving, the abstract
analysis provides the basis for developing routines
that convey the relevant quality-samenesses to the
learner. Although the analysis may be abstract, the
teaching for the students is not. Rather, the teaching
focuses on sameness. The basic technique for con-
veying sameness is to design problem-solving rou-
tines that treat critical details the same. {The message
conveyed to the learner is that if they are treated the
same, they are the same in some way. If they are not
treated in the same way, they are probably not the
same.)

Number Families

Number families are introduced for teaching facts.
The general orientation of a number family isrelated
to the number line:

123(@s56

Ifyou startat the circled number and go right, you
go to bigger numbers.
(The big number in a number family is to the right.)

1f you start at the circled number and go left, you
go to smaller numbers. (Small numbers in a number
family are always left of the big number.)

Children are taught these rules about number
families: The big number is at the end of the arrow.
The small numbers are on top of the arrow. If the big
number is missing, you add the small numbers. For

4 &

students write 4 + 6 = [] . 1f a small number is
missing, you start with the big number and subtract
the other small number shown. For

__.'""'":................7...@.12

“students write 12 - 7 = [ .

Children are presented witha number-family table
that presents the relevant addition-subtraction rela-
tionships. (See Figure 1.)
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onnections in Mathematics—Continued—

Figure 1. Addition and Subfraction Number Family Table

w2 iR 2

The mostimmediate value of presenting the num-
ber families is an economy in the amount of material
that is to be presented. Only 55 families express all
the basic fact relationships (200 facts). Furthermore,
since both addition and subtraction are generated
from these families, the quality sameness of the fami-
liesislearned. (Childrenlearn thata “new” family is
just like familiar families. It has a big number and
two small numbers. If one of them is missing, it is
computed according to the practices used for famil-
iar families.) ‘

Children are introduced early to a wide range of
variation. As soon as they have been introduced to
strategies for addition and subtraction facts, they are
presented with families that have 2-digit values:

39 _ 46

B 46 translates into — 91
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Comparison Problems

Children also learn a variety of lmgulstlc applica-
tions. Jane had more than Frank. This sentence
describes values in a number farnily: .

Frank o
= Jane

They then combine the skills to work basic com-
parative problems:

Jane had 16 more stamps than Frank had

Jane had 28 stamps. How many did Frank have?

The first sentence tells about the number family.
The underlined number tells about the difference.
The difference is always a small number.. (The 16in
the sentence would represent a small number: Frank
had 16 fewer stamps than Jane had.) When the
sentence is read without reading the underlined
part, it tells about the big number and a small num-
ber. “Jane had more stamps than Frank had.” Here's



the farnily based on the first sentence:

16 Frank
= Jane

The next sentence tells how to replace one of the
names with the appropriate number. Jane had 28
stamps:

16 Frank 28

o
oy

Now the problem becomes an extension of the
same strategy used to write number problems for
number families. A numberis missing. That’s Frank’s
number. It is a small number. To write a problem
with a missing small number, you start with the big
number and subtract:

Frank’s number is 12.

The comparison problem type is often difficult for
children who have not been provided with an ex-
plicit, logical strategy for dealing with it. Note that
the strategy is not based on spurious word proper-
ties. The rule they learn about sentences that com-
pare values apply to virtually all statements that
express comparative numerical values (e.g.,the pole
is 311 feet shorter than the tower}.

Sequence-of-events Problems

Children are also taught to process problems that
may sound like subtraction but that actually require
addition:

Tina had some berries.

She gave away 40 berries.

She ended up with 312 berries.
How many did she start out with?

This is a problem that tells about a sequence of
events, what happened first and next. Therefore, the
strategy involves putting the values in the number
family in the same order they are named in the
problem. The first thing named in the problem is:

Tina had some berries.

That's the first value placed in the family. To
determine where it goes, students determine whether
Tina will end up with more berries than she started
with or fewer berries than she started with.

She ended up with fewer. To go to fewer, you go
to smalier numbers on the number line. (Go left.) So
the values in the family start with the big numberand
progress left.

Tina had some. ‘That’s a box for the big number:
> ]

She gave away 40 and ended with 312:

312

40
=[]

The big number is missing. The solutionis to add the
small numbers.

Although many children would be stumped by
the problem because it talks about getting less but
actually turns out to be an addition problem, the
analysis of the number family makes the problem
quite workable.

Classification Problems

In addition to the “comparison” problem and the
“sequence of events” problem types, there is a third
fundamental addition-subtraction problem—the sub-
class problem. If there are red cars and cars that are
not red, the family shows this relationship:

red not red
- e all
cars

Again, this relationship is the fundamental set
notion.

Children receive practice in making number fami-
lies for the classes. Later, children work problems
like this one:

There were 86 cars on a lot.

12 of the cars were dirty.

How many cars were clean?
Here’s the number family with names:

dirly clean
—— |

cars

- The problem gives information about all the cars
and about those that are dirty:

12
dity— clean 86
—_—— e 3
cars

The number of clean cars is a small number. To
find it, start with 86 and subtract 12.

Data Table Problems

The articulation of logical rules that relate “real
life” situations to number operations is further de-
veloped by the number family. These are 3-by-3
tables that can be used to show “cross classification”
of classes and sub-class relationships.

The basic rules for the table are that each row is a
number family. Also, each column is a number
family. The column number families work the same
way the rows do. The big number is at the bottom.
The small numbers are above.

Children (who are now becoming students) first
work on tables that involve only numbers.
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Making @@ﬂﬁ@@ﬁﬁ@ﬁ% in

Total

38 226

Total 118 276

By applying number-family logic, students are able
to fill in all the missing numbers. The basic proce-
dure derives from the fact that if there are 2 numbers
shown for a row or for a column, you can find the
missing number in that row or column by adding or
subtracting.

The top row has 2 numbers. The missing number
is a small number and can be found by subtracting:
226 - 38 = 188,

The bottom row has 2 numbers, The missing
number is the big number and can be found by
adding: 119 + 276 = 395.

When the missing row numbers are filled in, stu-
dents work the columns. '

Total

38 188 226

Total 118 276 ass

The first column has two numbers. The missing
number is a small number. [tis found by subtracting;:
119 - 38. The missing number in the middle column
and last column are also found by subtracting: 276 -
188 and 395 - 226.

Students next combine knowledge of classifica-
tion and the structure of the cross-classification table
to work problems that are more conceptually diffi-
cult. The following table shows the vehicles for the
morning ferry and the afternoon ferry on Tuesday:

Other
Cars {vghicles | Total
Morning | -
ferry 25 70
Alternoon :
ferry 36 82
Total for
_ both feries
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By filling in the missing numbers, the students can
identify the number of other vehicles in the morning,
in the afternoon, and the total for both times. They
canidentify the total number of vehicles transported,
and the total number of cars. They are also able to
answer a variety of “comparative” or non-numerical

. questions:

Which ferry carried the larger number of
cars? :

In the afternoon, were there more cars or
other vehicles?

An extension of the table problems involves a
blank table. Students are to put values in the appro-
priate cells, then fill in the missing numbers and
answer the questions.

Here is a sample. The table is supposed to show
the number of pine trees and other trees that are
going to be planted in two parks: River Park and Hill
Park.

Total

Pines | Others Troos

River
Park

Hill
Park

Total for
bath parks

Facts: _

In River Park, 476 of the trees will not be pines.
The total number of pines in both parks will be
449,

There will be a total of 1323 trees in both parks.
In River Park, there will be 151 fewer pines than
other trees.

The last fact requires the students to coJrnpare the
number of pines and other trees in River Park. The
fact indicates that there will be more “others” than
pines:

151 Pines
= Others

To make this comparison, students must refer to
the numbers they would have already put in the
table based on the other facts. :

Specifically, 476 comes from the first fact:

151 Pines 476
B Others

Kt

With all the facts placed in the table, students can
figure out all the missing numbers and answer a
variety of questions.



Multi-step, Sequence-of-Events Problems

Another extension of the number family logic
involves applications in which there is an influx and
outgo of values. The basic number family shows in
as the big number, out and left as small numbers,

Leaft Qut
— = In

The family can accommodate a variety of basic
problems:
A tank is empty.
235 gallons are pumped in and 149 gallons
are removed,
How many gallons are left in the tank?

More complicated variations involve “stacking.”
The In and Out categories on the family can be
shown as vertical number families in a table;

'
Left gut v

B In

The rule for the stacks is that if more than one
value is named for In or for Qut, there are 3 values
(just as there are 3 with a number family). The big
number for these vertical families is the total for the
name shown on the main arrow. Consider this
example:

On Monday morning, a store had 341 pairs
of shoes in stock.
During the day, the store sold some pairs
of shoes.
In the afternoon, the store received a ship-
ment of 46 shoes.
The store sent 14 pairs of defective shoes
back to the factory.

_ At the end of the day, the store had 210
pairs of shoes.
How many shoes did the store sell?

The rules for the in values are (1} anything on
hand at the beginningis anIn value; i.e., the stock the
store began with (341 pairs) is an In value; and (2)
anything the store receives is an In value. The store
received a shipmentof 46 shoes, The totalforInisthe
total of these values. The total for Qutis the total for
the pairs of shoes sold and the shoes sent back to the
factory.

The solution for each part of the problem is based
on the logic that if you know 2 values on an arrow,
you can figure out the third or missing value. The
missing value the problem asks about is the small
number on the Out arrow—the number of shoes
sold.

Left Oui h

14
[] soid
20 [ ] 4341

46

[]

There’s only one value (210} on the main arrow, so
nothing can be done with the main arrow.

The vertical arrow for Out has only one value, so
nothing can be done with that arrow.

The arrow for In has 2 small numbers. So the big
number can be computed: 341 + 46 = 387.

Left

Now thereare 2 valueson the main arrow (210 and
387). Therefore, the total for Out can be computed:
387 -210=177.

The question asks about the number of pairs sold,
which is the missing small number in the Out num-
ber family. There are 2 values on that arrow. The
missing value can be computed: 177 - 14 = 163. 163
pairs of shoes were sold.

Fraction Problems

Some of the less obvious applications of the num-
ber-family logic involve fractions. Here's a basic
(and obvious) application.

4/5 of the cars were insured. This is a classifica-
tion family:

Insured  Not All

—4 1 5
5 5 5
The whole is 5/5.

The fraction for the non-insured is 1/5.

After learning about the properties of fraction
number families, students work less obvious prob-
lems such as:
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There were 4 aces in the deck and a total of
52 cards.
What fraction of the cards are aces?
What fracion are not aces?
Aces Not All

-4 48 = 22
52 52 52

Other problem types include comparative infor-
mation. For all these statements, the value at the end
of the sentence is the reference value and is therefore
one whole. One of the entries on the arrow is the
difference.

She had 3 /4 less than he did.
3/4 is the difference.

. 4
He is the reference value, 3

Difference She He

-ug_—-——-—h-i
4 4

The value for she must be

N
o~
S
Y

Differance She He

-3 l-e= 4
4 4 4

In the next example, he is still the reference value
of one, but she has more. She is more than one.
She had 3/8 more than he did.
In fact, the value for she is %; .g_ +% =

Diﬁerehce He She

-3 8 11

8 B 8

=

In the last fraction example, the sentence telis the
value for she, not the difference. He is still the
reference value of one:

She had 4 /7 as much as he did.

Difference She He

4 I
7 7

The difference is %; .]"1 ~4.3

Difference She He

-3 4 g I
7 7 7
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Percentage Problems

Variations of all these fraction sentences can tell
about percents, which are simply fractions w1th a
denominator of 100;

The train was 14 % shorter in the morning than

it was in the afternoon.

(The reference is the afternoon—that’s 100% )

Difference  Morning Aﬂemoon
- 14 86 5 100
100 100 100

* Inthe morning, thetrain was 126% ofits afternoon’s
length. The reference is still the afternoon’s length.

Difference Afternoon Morming

- 286 100 = 126
26 100 100

A variety of problems are generated by these
conventions:
After the game, Arnie wexghed 12 pounds
less than he weighed before the game.
After the game he weighed 140 pounds.
What percentage of wexght d1d he lose dur-
ing the game?

Differanca  After Bsfora
- 12 140 —p 152
152 152 1 52

The difference indicates the weightlost during the
game. To convert that difference into a percent the
students divide:

075
152 )12.00
The decimal .078 equals 7.8% or about 8%.

Multiplication Problems

Some problems combine additionand subtraction
with multiplication. To work these problems, stu-
dents combine what they learn about the logic of
addition with the logic of multiplication.

According to that logic, there are only two num-
bers involved in multiplication: the one at the begin-
ning of the problem and the other at the end.

ax]=b
The missing value is a ratio of b to a:
axhbh=Db
a

The relationship is verified with familiar facts:
2x[]=10



The missing value is equal to 5. The fraction 10/

2 is equal to 5.
2x10 =10
2

The logic of this relationship suggests that it is
possible to start with any value and through multi-
plication create any value. Through an extension of
“dimensional analysis,” it follows that hours times
some value equals miles. '

hours x [] = miles

The missing value is miles over hours or miles per
hour (rate of travel).
hxm=h
h
Ratio problems. The most immediate application of
the multiplication relationship involves ratios. The
game is to complete the equivalent fraction:

4, d 0
9 " [ tee

The problem is the same as an addition-subtrac-
tion problem in an important way. 1f two numbers
are shown, the third can be computed.

On the bottom, two numbers are shown: % and
189.

The missing value on the bottom is 189/9. That
equals 21,

Because 4/9 and the fraction with a denominator
of 189 are equivalent, the fraction that is multiplied
by 4/9 must equal 1.

The denominatoris 21, so the numerator mustalso
be 21. Here's the problem:

s 2 .U
g 21 189
The answer is 84.
The value of the multiplication analysis is height-
ened when students work with problems that give a

larger fraction and ask about the missing part of
a smaller fraction:

72 12

77wt W

The fraction that equals one is 12/72 over 12/72.

12
72 72y _ 12
142 2|7 O
72

The answer on the bottom is 24. Note that this
problem involves values that “reduce.” However,
operation works with all values, whether or not they
are whole numbers. | . :

Many, many word problems can be worked with
ratios. There is a variety of semantic forms for
expressing ratios including: Four boxes contain 19
pounds. The ratio of boxes to poundsis 4 to 19. There
are 6 bottles in each carton. The names tell about the
names for the numerator and denominator of the
ratio. Here's a problem:

If every four boxes contain 19 pounds, how
many pounds are in 34 boxes?

The units are boxes and pounds. The first fraction
is4 for boxes over 19 for pounds. The second fraction
has a number for boxes.

boxes 4 34

pounds 12 [T}

Ratios and number family problems. Here’s a prob-
lem that involves ratios and addition:

The truck durnped 2/5 of its load of coal.
The coal that remained on the truck weighed
1680 pounds.

How much was dumped?

How much was the full load?

Here’s the number family for the first sentence:
Left Dumped Al

-3 —2 & 5
5 . 5 5

The ratio numbers (numerators) can be put in a
ratio table. They go in the first column. Pounds go
in the second column.

Left a 1680

Dumped | 2 ]

All 5 |:]

The columns work just like those in other tables. 1f
two values are given, the third can be computed. To
geta second value in the column for pounds, we can
work a ratio problem involving the amount left and
the amount dumped.

left 3 1680

dumped 2 [}
. ;<560 3 560, _ 1880
Thefraction thatequalsoneis &=+ 5 (3g5) =]

Multiplying on the bottom gives 1120 pounds.

Lelt 3 1680

Dumpad 2 1120

All 5

The total load is computed by adding 1680 and 1120.
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Ratio and number family problems with percents. A
variety of similar problems can be created with per-
cents.

The iceberg was 17 percent heavier in March
than it was in April.

In March, it weighed 4569 tons.

What was its weight in March?

How many tons of ice melted between March
and April?

The first sentence indicates that April is the 100
percent reference.
Here's the number family:

Difference  Aprii  March
— 17 —— 100 & 17
100 100 100

Here's the table:

Difference 17 O

Aprit 100 | O

March 117 | 4583

Thesolution is standard—work theratio, thenadd or
subtract.

Rate problems in data tables. The final version is the
rate table. The rate term is the part that refers to
“ratio.” Miles per hour, cartons per ton, the spotson
each bug, and similar terms describe a rate equation.
For example, cookies each hour is:

cookies
hour

It further implies this equation:

hour x gcookies = cookies
hour
Here’s a rate problem that involves cookies per
hour:
The red machine produces cookies at therate
of 34 cookies per hour.
How many hours would it take for the ma-
chine to produce 450 cookies?

This problem could be handled as a simple ratio
problem:
cookies 34 450
hour 1 ﬁ
More complicated problems imply the use of the
rate equation.
OnMonday, thered machine produced cook-
ies at the rate of 34 per hour.
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On Tuesday, the machine worked for 8 hours
and produced 272 cookies.

The total cookies produced for both days
was 447.

How long did the machine work on Mon-
day?

How many cookies did it produce on Mon-
day?

What was the machine’s rate on Tuesday?
What was the average rate for both days?

The table for this type of problem is similar to that
for theratios. The column values that do notinvolve
rates can be added. :

Here's the problem in a “rate” table:

Hours |x Coc:[;ies =Cookies
Monday 34
Tuesday 8 272
Total 447

The rate equation is implied by the rate term
(cookies per hour). The equation, hours x cookies per
hour, is used for Monday, Tuesday, and Total. Be-
cause the number of hours can be added and the
number of cookies can be added, it is possible to get
additional numbers in the table. For example, the
missing number in the cookie column is obtained by
subtracting: 447 -272=175. Afterstudents write 175
in the table, two rows each have two values. The
third value in each row can therefore be computed.

Monday: [] x 34 = 175
Tuesday: 8 x [ = 272
The solution to the first problem yields a second
number for the first column. The remaining number
in that column can then be computed by subtraction.
Atthat point, all the cellsin the tablehavea valueand
the questions can be answered.

Conclusions

This paper has attempted to show some of the
relationshipsand connections between problemtypes
that are often treated as disparate entities. Some of
the subtle differences between types suggests subtle
discriminations the learners must master. The most
articulate manner of achieving mastery of different
types, however, is to frame the discriminations in a
context that involves known skills and that highlights the
difference. This goal is far more easily achieved if




students learn the broad qualities and the sameness
properties that are shared by various problem types,
that is, they learn component skills that can be
transfered or generalized to related problems.

The connections that were shown are not exhaus-
tive. Ratios and ratio solutions can be mapped el-
egantly on the coordinate system. This type of map-
ping is particularly efficient for identifying sets of
values that are related.

For every 4 bats you buy, you get 3 free balls.

We can treat bats as the Y value and balls as the X
value:

Y 4
4
Vi
7
Bats bought 4
Free balls 3 X

By working from a graph, students can read off
the answer to a variety of questions; for example,
“How many free balls would you get if you bought
44 bats? ... What if you bought 36 bats?” A question
could also be asked about bats: “How many bats
would you have to buy to get 12 free balls?”

The same relationship can be treated as a series of
equivalent fractions:

Bats bought 4 _ 44 _ 36 _ __EJ_

Freebals 3 [ [J 12
Or the ratio can be expressed as the rate of bats to
balls: Thisisa “function table” of ';i . Therateis the
same for all Y or X values:
Balls |x B8 |-Bats
Balls
4
Y 44
3
4
3 36
4
12 3

In the ’60s, much was written about “concept
analysis.” The distinction between “concept analy-
sis” and “task analysis” was described and some-
timesdebated. The preceding description is a some-
what general concept analysis
of various skills that are lumped together under their
centralsharing of the number-familylogic(2__b,_ )

and the logic of multiplication (a x a = b).

When the entities are fractions and when they are
operated on as ratios, some rather unexpected rela-
tionships emerge. They are not intuitive, inexpli-
cable, or random. Rather, they are orderly and re-
lated.

A prediction of this analysis is that if the teaching
for the various skills is developed adequately (which
implies field-testing and shaping many details of the
presentation), students going through the sequence
will learn the concepts more consistently than stu-
dents going through an approach that focuses on
problem solving, dlscovery, or other “immersion”
practice. The reason is that many teachers do not
understand many of the relationships and samenesses
articulated in this paper; yet, students are expected
to discover them. Based on an extrapolation of
student success with discovery in the '70s and ‘80s,
the probability of discovering these relationships
seems relatively low. ¢
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Moss Point, Mississippi

Certainly one of the more common themes in
special education is the potential linkage of special
and general education services. Consultation mod-
els, peer collaboration between teachers, a common
curricula, and adaptive teaching strategies are but a
few of the proposed solutions to what is, at times, a
marriage of inconvenience. Too often, where there
is the promise of a meaningful dialogue between
special and general education there is also a relent-
less and mundane exchange of paperwork - refer-
rals, reports from school psychologists, IEPs, letters
to parents, and so forth. '

But there are occasions when special and general
education services are unified, and the two do work
in concert. There are even instances where the
district’s special education program dramatically influ-
ences its general education practices. Suchis thecase
in the Moss Point School District.

You have to look closely to find Moss Point on the
map. This Mississippi gulf coast town, about 30
miles east of Biloxi on the Alabama border, has a
‘hand ful of elementary schools, twojunior highs, and
one high school. Of the 6,000 students, almost ten
percent of them receive some kind of special educa-
tion services.

Direct Instruction has been used in Moss Point for
over a decade in special education. The reasons for
this — and the levels of success - have been fairly
typical. Special educators chose an array of D1 pro-
grams to remedy deficiencies in reading, mathemat-
ics,and language. The Reading Mastery series, Correc-
tive Reading (Decoding and Comprehension), Spell-
ing Mastery, DISTAR® Arithmetic and the Corrective
Mathematics modules,and the DISTAR Language pro-
grams have been used throughout the day in special
education classrooms.

Easing Transfer to the Mainstreamed Classroom

Special educators in Moss Point always have been
pleased with the Direct Instruction programs. Ina
few cases, however, they were perplexed with the
performance of a few students. According to Ginger
Hollimon, the district’s special education director,
“Every once in a while one of our special educaticn
students was reading just fine in the Reazding Mastery

programs, but had a harder time than the others
adjusting to the mainstrearned classroom. The kinds
of interactions expected of these few students in the
regular classroom made transfer {of reading skills]
difficult.”

In pull-out classes, the special education students
had been taught in very small groups, with ample
feedback and direct contact. Naturally, this teacher-
student ratio could not be maintained in the
mainstreamed class. Deborah Millender, a special
education teacher at the time, noted, “They didnt
volunteer; they felt intimidated at asking questions;

.and when they didn’t know a word, they just froze.”

Special educatorsaddressed this problem by work-
ing directly in mainstreamed classrooms as assis-
tants to the regular teacher. They spend most of their
time with mainstreamed students and others who
were having academic difficulties.

Millender felt that this cooperative assistance
helped in many ways. Obviously, the teachers ap-
preciated the assistance during their reading period.
But they also began to see how much progress the
special education students had made in their Direct
Instruction pull-out classes. The recurrent message
was that Direct Instruction was effective in teaching
low achieving students. Eventually, many saw that
the DI curricula addressed their needs. As a result,
several elementary schoolsin Moss Point have shifted
to a Direct Instruction emphasis in their regular pri-
mary grades.

Enhancing the Mainstreamed Classroom
Through Direct Instruction

1n 1978, the general success of the Direct Instruc-
tion programs in special education caught the atten-
tion of Mary Alfred, principal of East Park Elemen-
tary School. Most of her students, although
mainstreamed, were academically at-risk. She insti-
tuted DISTAR Reading 1,11, and III (the precursors of
SRA's Reading Mastery series) in the primary grades.
Teachers were reluctant to use the new program at
first, but the systematic phonics and the obvious
student growth by the middle of the year convinced
teachers at East Park that Direct Instruction was the
best program for their students.
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Successin the primary grades carried overinto the
upper grades. Fifth grade teachers were impressed
with the change in the younger students. They too
had many students who couldn’t read, or whose
reading was borderline. Mary Alfred suggested that
the fifth grade teachers use the Corrective Reading
Program. However, she offered it only under the
condition that, if the teachers liked it, they needed to
make a commitment to it. In requesting financial
support from the superintendent, Alfred told him,
“If you give me the funds for the DI programs, I'll
guarantee success.”

The chart below shows the dramatic change in
student performance at East Park for fourth and sixth
graders in reading, mathematics, and language. The
school once had the lowest level of achievement in
the disirict.' Now, Alfred notes, “the majority of the
high school honor students come from EastPark. We
feel that the programs build success, and that stu-
dents know what they can do. It changes their self-
esteem. Part of this has to do with the way the
programs have taught teachers how to give praise.”

In 1985, Moss Point changed its standardized tests
to the Stanford Achievement Test. Taking thechange
in measures into consideration, performance levels
have remained the same, or slightly higher.

In the last few years, East Park has implemented
even more Direct Instruction. DISTAR Arithmetic is
used in the first grade and SRA's Corrective Math

modules are used selectively through the end of the
third grade. ‘

Last year another Moss Point school—Kreole El-
ementary School-—followed EastPark’s model. Most
of the students at Kreole, while not as low academi-
cally as East Park, still qualified for Chapter I ser-
vices. Reading Mastery was chosen as the core read-
ing program for the first three grades. In the combi-
nation third and fourth grade classroom, teachers
also use Spelling Mastery and Corrective Math.

Mary Alfred has good reason to be pleased with
the influence she—and in no small way, the district’s
special education program—has had in the Moss
Point Schools. The PTA at East Park has grown from
virtually nothing to a vital community organization,
Alfred attributes this change to the SRA programs.

“Through the student achievement, we showed
parents that school wasn't a place to fear, a place to
avoid. Parents are proud in sending their children to
East Park. Before, they used to send them to other
schools in Moss Point. | think all of this came about
through our commitment to kids and changing their
self-esteem through better academic abilities.”

Asa fitting touch to these many accomplishments,
Mary Alfred was nominated by her fellow principals
for the National Distinguished Principal Award for
the State of Mississippi, an honor which she won in
1989. This award wasin recognition of her decade of
service and accomplishments at East Park.

Percentile Growth on the California Achievement Test

1978 12 9 15 1 18 12
1984 45 42 63 51 .53 40
Reading Mathematics Language
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“When we are just standing around, there is a
pressure on us. It's air pressure. We don't feel it
because we're used to it. But when divers go down
in the ocean, they feel changes in pressure the deeper
they go. If you could put a balloon in the ocean and
push it down, it would get smaller and smaller
because the air pressure inside the ballon stays the
same while the water pressure outside becomes
grealer.

That's why divers have to come up slowly when
they are way under the surface. If they come up too
fast, the water pressure draps too quickly and they
get bubbles in their blood, and they could die. Know-
ing about water pressure is very important.”

Imagine that this is a junior high school teacher
explaining water pressure to her class. The concepts
are clear and simple enough for her students to
understand. The classalso learnsan important prin-
ciple — changes in depth are directly related to

changes in pressure. Going deeper means greater

“pressure, and, more importantly, going toward the
surface means a decrease in water pressure. Deep
sea divers must know this principle intimately for
survival.

Now imagine that this is a learning disabled stu-
dent explaining water pressure. This was roughly
the kind of explanation a student gave in a Rock Hill
junior high school classroom last year. The teacher
was so impressed that she asked the school special
education teacher how the student knew about these
concepts and was able to explain them so clearly.
The answer was simple — Level 1V of Reading Mas-
tery. 1t's the reading program that Rock Hill special
educators have found to be the most successful for
their students..

The Rock Hill School District

Rock Hill is a small district of 13,000 students just
across the North Carolina state line. The community
is slowly transforming from an old industrial town
of textile manufacturing to a part of the high technol-
ogy world that has reshaped the Charlotte metro-
politan area. The newly arriving white collar profes-
sionals sharply contrast with the older residents,
many of whomhavenot graduated from high school.
All of this is reflected in an exceedingly diverse
student population. It is a daily challenge for Dr.
Gwen Kodad, director of special education services
for nearly 1200 students.

Rock Hill's special education program began us-
ing SRA’s Direct Instruction programs in the early

1980s. The reasons were fairly typical. Too many
students were reading the same basal reading texts
againand again. Even when students were placed in
special education, they continued to fall further and
further behind their peers.

Distar Reading [ and II, earlier versions of Read-
ing Mastery I and II, were the first programs used.
Rock Hill special education teachers committed to
the programs for two years, and Kodad assured them
that, if they didn't like them after that time, the
district would switch to another remedial series.
Though the teachers were a bit reluctant at first, they
soon found that their students liked the SRA materi-
als very much. The students felt successful. And the
teachers who were unsure of its structured format
quickly found that it didn’t limit their creativity.
Most of all, the Rock Hill students learned to read as
they never had before.

Over time, the program has expanded to include
the Corrective Reading Series. The SRA programs are
taught in resource rooms for learning disabled stu-
dents and self-contained classes for the educably
mentally handicapped. Kodad remarks, “There are
a lot a reasons why we like the programs. Certainly,
the improved achievement is a large part of it. But
using them throughout the district has immense
advantages. Our kids move a lot. When they arrive
at another school, they don’t have to start in a new
reading program. We feel that this kind of consis-
tency is very important.”

The evidence for improved performance came

from various quarters. Junior high school teachers

were the first to notice the effects of Direct Instruc-
tion. Many remarked that their mainstreamed stu-
dents were much more capable of completing their
work. These students turned in better assignments,
their reading levels were much higher, and, like the
studentmentioned in thebeginning, they knew more
social studies and science than previous special edu-
cation students.

As further evidence of Reading Mastery’s effec-
tiveness, Kodad selected a small group of learning
disabled students for a controlled program evalua-
tion. Thirty- -two second graders just placed in spe-
cialeducation were tested on the Woodcock-Johnson
at the end of January 1989. The average score was
just over one year below grade level. When the same
students were tested on the Woodcock-Johnson at
the beginning of May of that year, they had im-
proved, on average, five months in their reading
scores. Special education students were not only
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Rock Hill Schoof

able to keep up with their peers, but they surpassed
them over this period of time. This was one of many
reasons why district special educators recently re-
newed their commitment to the Reading Mastery and
Corrective Reading programs by choosing them from
the state textbook adoption list.

Dr. Kodad’s commitment to SRA’s reading pro-
grams comes from their track record in maintaining
growth patterns that prevent special education chil-
dren from falling further and further behind their

District—cContinued

peers. She fully expects that the progress of these 32
second graderscan be sustained. “Getting these kids
into Reading Mastery early on is essential. I know
that with other reading programs they’ll be recycled
through the same texts againand again. There won't
be any progress, and they’ll eventually end up in
special education much further behind than if they
had started with Reading Mastery. I can’t say enough
about the success we've had with the SRA pro-
grams.” @

o= .

Co, iexas

Not long ago, the chairman of the National En-
dowment for the Humanities took time to address
the problems of our current educational system.
What many expected to be a rather prosaic list of

The Learning Lab at Baylor University

change. Preparing the future teacher for today’s
classroomand for theextraordinarily diverse makeup
of its students is no small challenge. It goes beyond
some minimal level of competence. Ideally, it also

issues and challenges turned

means preparing teachers

out to be an extended tirade on
textbooks, teachers, and higher
education training programs.
Summar-izing the countless

stories of weak or irrelevant

training, the chairman re-
counted how teachers repeat-
edly described their profes-
sional trainingas worthlessand
“morelikely toconfuse and mis-
lead rather than enlighten.”
Similar criticisms, though not
as extreme in tone, have been

“I feel confident to go into my class
and be able to motivate my students. |
find it easy to keep them on-task and
listening.”

“My special education consultant
made the comment to me that the first
year special education teachers from
Baylor were a lot more positive and
reinforcing towards their students than
other first year teachers and most of
her experienced teachers!”

for a successful beginning
in the classroom, where
they feel in control of
events and satisfied with
their day-to-day accom-
plishments,
Teacher TrainingatBaylor
University

Dr. Thomas Proctor has
beenteaching special edu-
cation classes inthe School
of Education at Baylor
University since 1978.

voiced by business leaders, politicians, and even

critics within the teacher education establishment.

Where it is fashionable to talk of change or claim
that a four year undergraduate, liberal arts degree
will improve the state of our public school systems,
most solutions are short on the detailed “how tos” of
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Like so many professionals who are involved in
teacher training and preservice education, Proctor
exposed students to a variety of teaching curricula in

_ his methods classes. Ways to teach reading, for

example, were grounded in several widel y-used com-
mercial programs, and students learned how to




supplement-these basals where necessary. In 1982,
all of this changed.

Pat Arredondo, a practicum supervisor, intro-
duced SRA’s Corrective Reading Program into the
Baylor's Learning Lab. The intent of the lab was to
give undergraduates an experience working with
learning disabled students in one-on-one and small
group settings. It quickly became apparent— within
a matter of weeks — that this group of undergradu-
ates was making the best progress with their learning
disabled students.

Proctor noticed the improvement immediately,
and switched all of the lab training to Direct Instruc-
tion materials. By the next year, Proctor added
Reading Mastery and Language I, II, and III to his
strand of the teacher training program. Over time,
SRA’s Corrective Mathematics, Expressive Writing, and
Spelling Mastery were incorporated into a compre-
hensive approach to preservice training.

The current program, now averaging 25 to 30
undergraduate special education majors each year,
uses Direct Instruction as the core for most activities.
Itis the generic tutoring model that students learn in

their beginning coursework. Later courses use Di-

rect Instruction texts for reading and math. Finally,
supervised practicum in the schools enable the stu-
dents to apply what they’ve learned and to adapt
their skills to a range of young learners. Proctor feels
that with the emphasis on Direct Instruction, “stu-
dents learn that what they do as a teacher is critical.
With these programs, you can give themn feedback
[on their teaching] that makes a night and day differ-
ence.” -

More Than Another Practicum

Baylor stl,ident;teachers were recently able to to
experimentally evaluate the effects of the DISTAR®

Language and Reading Mastery

Adjusted Standard Scores on the CTBS—S3pring, 1969
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The graph above shows the comparative growth
in achievement for the two approaches. Mean per-
formance for the district’s traditional curricula is.
significantly below that of the Direct Instruction
class. It is even more interesting that these gains
were made in spite of the fact that Direct Instruction
was taught only two-thirds of the year. The tradi-
tional curriculum was used during the winter term
when there were no practicum placements in the
Direct Instruction classroom.

Student Attitudes Toward the Baylor Program

Proctor’s concern for high quality instruction even
extends to his own program. In fact, few teacher

programs. Three first grade

Table 1. Student Attitude Survey

classroomsin theSouth Waco
Elementary School partici-

Percent Who Agree

patedintheproject. Intwoof | Reactions to the Program or Strongly Agree
the classrooms, teachers €OM". | Direct Instruction aids learning. 97

tinued to use the district’s ' : .

reading and .iangdage pro- 1 feel well prepared to use Direct Instruction. 04

gram. Direct Instruction
practicum students in the
third class taught DISTAR
Language I and II (depending
on placement) and Reading
Mastery I. To account for the
academic disparitiesbetween
classes, the TOBE test was ad-
ministered early in the fall
term before the instruction
began.

Student improvement is worth the extra effort of using

Direct Instruction. : ' ‘ 91
Regular use of Direct Instruction with students has

increased my appreciation of it. 89
Direct Instruction creates a positive attitude in the classroom. 89
There would be more suppdrt for Direct Instruction if

people knew more about it. 87
1 am glad Direct Instruction is emphasized at Baylor. 84
Direct Instruction helps students cope with academics. 84
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training institutions evaluate their programs the v;ray '

he has at Baylor. Over the last few years, Proctor has

surveyed current stidents, recent graduates of the .

program, and perhaps most importantly, their su-
pervisors in the public schools. Table 1 is a sample
froma survey conducted two years ago involving 41
undergraduate students enrolled in the Baylor spe-
cial education programand 19 recent graduates. For
the graduates, the sentences were changed to reflect
current practice. A consistently positive attitude
toward the Direct Instruction training is reflected by
well over a majority of those surveyed.

A follow-up evaluation in the spring of 1990 again
reflected the value of the Direct Instruction prepara-
tion. This time, graduates and their supervisors
were surveyed. Table 2 reflects two important find-
ings: uniformly high ratings across a range of teach-
ing concerns and a remarkable agreement between
graduates and their supervisors. The Student Atti-
tude Survey above indicates the level of assurance
these students have in their training,.

'Exceptional Teaching

One of the finest compliments for a teacher train-

'ing programis when school supervisors and consult-

ants recognize a graduate of the program just by
watching them teach. Carolyn Schneider, a consult-
ant for schools in the Houston area, kept noticing’
Proctor’s graduates in her daily classroom observa-
tions. Well before she was introduced to the new
teacher, she found herself saying, “This teacher is
exceptional. She's enthusiastic and very knowledge-
able. More than anything, she can take the teaching
skills used in the DI programs and use them in other
contexts like science.”

Schneider sees an incredible difference between
the kind of preparation students get at Baylor and
other programs. At Baylor, students don't get a -
“smattering of whatever.” She feels that they know
much more about what teaching is on a day-to-day

* basis. They come prepared and they know what it

takes to have an impact on kids. Her recommenda-
tion to the Houston area schools is simple, “If there's
any way you can get these people to work for your
district, do it!”

Table 2. Mean Rating of Baylor Special Education Program Graduates and Their Supervisors

Graduates Supervisor ~

Competencies Rating* Rating"
Motivates students to perform by using positive reinforcement. 6.0 5.8
Presents instruction effectively using techniques that include modeling, pacing, 5.8 5.2
monitoring and correcting, simplifying, and teaching to mastery. S

Manages the off-task and disruptive behavior of students by teaching rules, 5.7 4.3
rewarding appropriate behavior, and quickly intervening to stop misbehavior. R
Copes successfully and positively with the wide range of potential stressors 5.5 - 5.2
frequently encountered by special education teachers. .

Understands the learning and behavioral characteristics of students in various - ol 5.2
handicapping conditions. '

Organizes and manages instruction through grouping, establishing routines, 5.0 5.3

assessing and recording progress.

“6 = strongly agree 5 =agree 4 =slightly agree 3= slightly disagree 2 =disagree 1 =strongly disagree
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ADl presents. ...

ASIC SKILLS IN ACHING—

‘Vipbeo Training F eommm FOR Fseoﬂw
Tmomsm tm,t.s

These 3 Iessons show skllted teachers demonstratlng effective teaching technlques with a
* . variety of students and a range of instructional materials. The lessons are designed for individual
use by novices to Direct Instruction, but can be used by supervisors or teacher trainers to iHus-
trate effective use of Direct Instruction techniques. Video exarnples demonstrate correct and
incorrect use of teaching skills with small groups of low-performing students in the workbook that
accompanies the video presentations, the viewer has the opportuntty to practlce the skills pre-
---Sented Skllls are rev:ewed cumutatlvely throughout the Iessons

Overvlew of Lessons. .

Lesson i, Pacmg and Stgnatmg (25 mmutes)
° Presentmg scripted rnaterlat with enthusiasm 4

¢ Moving qmckly thr0ugh lessons to cover more material and maintain student attention
e . Using S|gna|s toincrease teacher-student interaction rate

Lesson 2, Motivation (30 minutes) - .

*  Setting clear behavioral and academic expectations

* Providing consistent feedback

.- Using group management systems to increase student motivation-

Lesson 3, Corrections (30 minutes)
» Correcting errors immediately and effectively
» Using a standardized correction procedure to remediate student errors, regardless of instructionat

materials

Cost:  $75.00 per Iesson (JﬂClUdES trainer guide and 1 workbook)
$200.00 for set of three lessons
$10.00 per exira workbook (contains all 3 Iessons)

To order, send your check or purchase order to:

" Association for Direct‘lnstructio‘n
P.O. Box 10252
Eugene, OR. 97440
(503) 485-1293
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irect Instruction Now and Save!

Join the Association for

Due to incresed printing and overhead cost, the Association for Direct
Instruction is forced to rise memberships and subscription costs. If you act
now you can avoid these increased costs and extend your membership or
subscription.

Membership Options:

A) Regular Membership: $15.00 per year {includes one year of O/ NEWS and a 20% discount on AD!
sponsored items and events).

B) Student Membership: $7.00 per year (mcludes one year of Of NEWS and a 40% discount on ADI
sponsored items and events).

C) Sustaining Membership: $30.00 or more per year (includes regular membership privileges and
" recognition of your support in the D/ NEWS).

D) institutional Membership: $50.00 per year {includes 5 subscriptions to the D/ NEWS and member-
ship privileges for 5 staff people).

E} DI NEWS Subscription only: $7.00 per year {outside North America and Hawaii $10.00 per year).

ADI sponsored products and events include books and other materials published or
marketed by the Association for Direct Instruction. The ADINEWS is published 4 times a year
(Fali, Winter, Spring and Summery).

To join the Association, complete the bottom portion of this form and mait it, with your
check or Purchase Order (in U.S. funds) to the Association for Direct Instruction.

Check one:

| wish to become an Association member. Please enroll me as a:

Regular Member {$15.00 annually)

Student Member ($7.00 annually)

Sustaining Member ($30.00 or more annually)
Institutional Membership ($50.00 annually)

| wish to subscribe to the DI NEWS only {$7.00 annually; $10.00 outside North
America & Hawaii)

Name:
Address:

City, State, Zip:
Phone:

School District or Agency:

Position:
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eory of Instruction

Siegfried Engelmann & Douglas Carnine
Membership Price $32.00 List Price $40.00

Direct Enstmctimg Reading {(Revised)

Douglas Carnine, Jerry Silbert & Edward J. Kameenui
Membership Price $32.00 List Price $40.00

Direct Instruction Mathematics (Revised)

Jerry Silbert, Douglas Carnine & Marcy Stein
Membership Price $32.00 List Price $40.00

Teach Your Child To Read in 100 Easy Lessons

Siegfried Engelmann, P. Haddox & E. Brunner
Membership Price $15.00 List Price $19.00

Sitructuring Classrooms for Academic Success

~ S. Paine, J. Radicchi, L. Rosellini, L. Deutchman, C. Darch
Membership Price $11.00 - List Price $14.00

Members of the Association for Direct Instruction may purchase copies of the

materials listed above at the Membership price. Shipping charges are $1.50 per
book for 1-5 books and $1.00 per book for orders of 6 or more. Orders are to be paid
in U.S. Funds, in advance. Purchase orders are also accepted. Please allow 4 weeks
for delivery.
AD! cannot provide copies for entire classes nor can we provide desk copies. All
such requests must be made to the publisher of the specific book.

SENB YOUR CHECK OR PURCHASE ORDER TO:
Association for Direct Instruction
P.O. Box 10252
Eugene, OR. 97440
(503) 485-1293
Fax (503) 683-7543
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(1991 Edition)

Grades 1-3
+ Emphasizesthe connections among math concepts

+ Organizes lessons by related strands, not single
topics

+ Gives both guided and Independent practice
+ Places strong emphasis on problem solving

Impertant benefits for students and teachers

Connecting Math Concepts is designed to ensure that all
students (not just some) will learn higher-order thinking
and mathematics. What's more, they will apply what they
know in a variety of meaningful activities as they learn to
think and problem solve.

Bevelops important relationshlps among math concepts

The program establishes relationships among concepts
and their application. Connecting Math Concepts intro-
duces concepts at a reasonable rate and provides system-
atic, continuous review so that students learn, remember,
and integrate the concepts they are taught.

Lots of ldeas for applications extensions, and manlpulatives
Suggested Application/Extension Activities are provided
in every lesson. These include problem-solving activities,
games, and cooperative learning activities. The program
incorporates suggestions for manipulative materials to
introduee, reinforce, or expand the concepts taught.

Tested materials that really work

Connecting Math Concepts was field-tested in a variety of
classrooms across the United States. The authors carefully
reviewed teacher critiques and student performance on
every lesson and based extensive revisions on this feed-
back.

Cannecting Math Cencepts, Level A

Level A builds on the aspect of mathematics that is most
familiar to children—counting. Thelessons extend count-
ing to a smaill set of facts and uses these to teach the basics
of mathematics: addition and subtraction, their relation-
ship to each other, and the concepts of more and less, place
value, problem solving, estimation, money, and measure-
ment.

Connecting Math Concepts, Level B

Level B teaches place value, relationships and facts of
addition and subtraction, mental arithmetic, problem
solving, measurement, money, column addition and col-
umn subtraction, geometry, multiplication, and data col-
lection and analysis.

Now Available—Connecting Math Concepts, Levels A, B, C

Connecting Math Concepts, Level C

In Level C, students learn a variety of problem-solving
strategies for situations involving classification, compari-
son, addition and subtraction actions, multiplication and
division, and even multistep problems. Key relationships
are developed, such as multiplication and division, divi-
sion and fractions, multiplication and addition, area and
volume. Instruction covers place value, geometry, estima-
tion, calculator use, measurement, money, and statistics.
Concepts and computation skills are also taught for bor-
rowing, multiplication, division, and fractions.

Authors
Siegfried Engelmann and Douglas Carnine

Components

Complete Set of Teacher Materials for each level contains
1 Teacher’s Guide, 1 Teacher Presentation Book, and a
separate Answer Key. Student Materials for Levels A and
B consist of 2 Student Workbooks. Student Materials for
Level C consist of 1 Student Workbook and 1 Student
Textbook. Student materials must be ordered separately.

Connecting Math Concepts, Level A

Grade 1

7-15628 Level A Connecting Math Concepts
Complete Set of Teacher Materials

Net Price
$150.00

7-15623 Level A Student Workbook 1 (pkg.5)  24.75

7-15625 Level A Student Workbook 2 (pkg. &)  24.75

7-15626 Additional Level A Teacher Guide 12.00

Connecting Math Concepts, Level B

Grade 2

7-15638 Level B Connecting Math Concepts 150.00
Complete Set of Teacher Materials

"7-15633 Level B Student Workbook 1 (pkg. 5) 24.75

7-15635 Level B Student Workbook 2 (pkg.5)  24.75

7-15636 Additional Level B Teacher Guide 12.00

Connecting Math Concepts, Leve| C

Grade 3

7-15657 Level C Connecting Math Concepts 150.00
Complete Set of Teacher Materials

7-15653 Level C Student Workbook (pkg. 5) 24.75

7-15654 Level C Student Text 15.00

7-15655 12.00

Additional Level C Teacher Guide

155 North Wacker Drive
Chicago, IL 60606
To order, cail 1-800-621-0476.
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