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CURRICULUM DESLGN AND DEVELOPMENT PROJECT

Introduction
/g’ The Curriculum Design and Development Project, copducted by the
" o Le4rning Research and Development Center at the University of Pittsburgh

in cooperation with the Department of Curriculum and Supervision at the

University, had two purposes: to train curriculum specialists and to
develop and test curriculum design traiping materials. There has been
a shortage of personnel trained in ths highly specialized procedures
which have sprung from.the anerging'fieid of instructional technology.
Most research and development centers and regional laboratories, there-
fore, have had to provide on-the-job training for staff members of
curriculum development projects. In addition, there is a need to dis-
seminate to teachers and administrators training materials wﬁich can

t

help them to evaluate and select or develop their own individualized

t

instructional materials.

" v ' u
This project was planned in two phases. The first phase would .

.

include the development of training‘materials and rheir use to train a

small group of students, whs would also take other courses at the

University, would serve inéernships on curriculum projects, would write
dissertations on curriculum;relassd topics and would receive doctorates ,‘
from the Department of Curriculum and Superyision of the School of

Education, University of Pittsburgh. The major part of their training

in surriculum would come from the materials the project would design

and deve10p.' This phase\of the project uould enu with a revision of the
materials based on the experiences and results enEOuntered with the

-4

pilot group of studentgs. The second phase of the project w?uld be a ,

8
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series of field testé of the materials and their revision based on

-

formative evaluation procedures.

/

The intensive pilot- testing effort was carried out during 1971 -
72. Phase two of the project, the series of field tests, extended from the
Fall of 1972 to December, 1973, involving over one hundred students.

T?e activity of these two phases is presented in the following report.

Q




PROGRAM DEVELOPMENT: PHASE 1

) ~ a
The Training

The Curriculum Design and Development Project, in it ‘initial phase,
trained the piiot ggoﬁp of students while the Eraining materials were
being developed, so ‘that the most effective methods, strategies, pro-
cedures and materials could be incorporated in the final product. The
pilot students worked intensively for two terms with the Project staff,
providing extensive feedback on the instructional materials, which
underwent almost continuous revision. ‘ ' °

The original cu;fizzIﬁﬁ’design course included an appreciable

amount of class discussion, a number of gue lectures, readings and

worksheets, field trips, individual and gro ‘ rch projects and one-

to-one interaction with the course‘instrgctors. While Fach of these

activities~geemed to provide useful insight or gxgerience in some phase

ofr curriculum design, the students reqﬁested more self—instruktional

materials. ' L\‘_h ; .
- A change tb a more completely self-instructional format wouldimake

the program product better suited to dissemination. At the same time,

to accommodate to students with different backgr&unds and different .
requi;anents there was a need to organize the instruction and to prbvide
diagnostic testing for maximum flexigility in selecting objectives and

progressing through the program.

\\j" "
During the training of the pilot group of students, an effective
design model was identified and a format developed to meet these needs.
The design model was a structured-curriculum model, as described by

Lindvall and Cox (1969), supplemented with additional elements and pro-

- S 10
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cedures suitable for complex subject matter, called the process model for
individualization of curg&eu&gwiz}c). (See Appendix A.) This model ~
became the basis for design of the curriculum course and the PIC pro-
cedures were taught as a design model. ' \\

Each unit of the self—iQstructioﬁal materials includes'a rationale

for selection o% the unit objectives and their relation to the rest of
the course; a listing of the terminal and prerequisite objectives; and
a charted hierarchy of the unit objectives, graphically demonstrating

their interrelationships. One or more study guides incorporate tasks,
which serve as curriculum embedded items to help the student monitor

his progress. Reading sources are listed for each task and are coded

to the unit objectives. Each unit includes an overview; articles from
journals and Learning Research and Development Centér publications; a

bibliography; a posttest and answer keys. (See course matefials and

The Training Product). :

This first phase of the program proved go be an efficient way of

.

developing training mgterials and, simultaneously, providing intensive
training fS; ; small group of students. Without the students it would
not have been possible to produce proven training materials expeditiously.
At the same time, the con;entrated tréining proved highly effective.

This training has been evaluated by case studies of the original four

doctoral students. These studies are elaborated here and in Appendicés

C and D.

The Pilot Students

The pilot students who are now completing their work for the doc-
torate from the Department of Curriculum and Supervision of The School

Q : 4
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of Education, University of Pittsburgh, came to the program with no
curriculum experience. Diane Davis had been a substitute secondary

school teacher. Her B.A. was in psychology from Youngstown State

2}
University, Youngstown, Ohio.

’ ;
Nicholas Laudato had completed undergraduate work at Carnegie-
Mellon University in May, 1971. His B.S. was in mathematics.

Unlike the other students, Sister Claire McCormick had a extensive

[y

background in education. She had been Dean of Studies and Assistant
[

{
)

Principal at St. Pius School, Atléﬁta, Georgia. Previously, she had

been Principal of Notre Dame -Academy, Villanova, Pennsylvania and a
teacher of English and Latin. Her B.A. was in music from Trinity College,
Washington, D.C., and her M.A. in education administration from Catholic
University.

Tommye Whiting had been Educational Coordinator for Job Opportunities
for Youth in Houston, Texas, and previously a junior high school history
teacher. Her B.A. was in French from Oberlin College, Oberlin, Ohio.

Another student, Larry Hubka, diquot continue for the doctorate,
bué did receive a master's degree in cdf;iculum and supervision, was a
teacher and coordinator of distributive education.

= The students are probably the best indication of the effectiveness

//of the materials. They are judged, by the professionals with whom they
have worked at the University of Pittsburgh, and particularly at the
Learninijesearch and Development Center, as thoroughly competent
specialists in curriculum design. (See Appendix C,'The Students, and

Appendix D, Sample Student Work.)

Diane Davis spent her internship with the External Studies Program

r

at the University of Pit;strgh, workiqg wi}h.ﬂniversity professors
. i » /

N \
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helping them to individualize their codtseg and make them self-instruc-
tionai so they could be offered extrafmuraily to’stuﬁ?nts who could not
readily come to the campué. Nichplés Laudété‘worked as an intern in the.
Computer-Asgisted Instruction Pééject and Sister Claire McCQrmick worked
wit? the New Reading SyétemvENRS Pfoject). Both of these ;re:projects
of thé Learﬁing’Research and Dévelopment Center at the Uﬁiversity 6f

-

Pittsburgh. Tommye Whiting-wbrked on an ‘exploratory project in social

;~§s£udies in the third grade at Fricﬁ ScQool, a Pittsburgh public school

L]

which is é developmerital géhool of‘the LRDC. '
Dissertation topics of the students are related to their interﬁghip
experiences. A self—congept instrument for cultural-minority children
grew:ouf of Tommyg Whitiné's.intennship in an inner city school, working
on development of lessons in the concept of social interaction. Sister
Claire Mccar?ick is analyzin% the NRé Reading ProgFam‘of the LRDC.to
identify the instructional strgtégies it uses and to formulate‘principles
\and generalizations for the teaching of reading. Nicho;as Laudatp is
developiné a program for teaching'children to solve word froblems by
computer without computation. Diane Davis is developing a“ﬁo&el for

evaluation and 1s evaluating some of the curricula being individualized

and externalized, for the UniVersity of Pittsburgh's External Studies

* 4

Program.

-

In addition to their curriculum course work,~which is represented
by the twelve units which accdmpany this repotg, their other courses ”
at the University, their internships and their doctoral regearch, each -
of  these students has used his training to as§ist educators in the field.

Diane Davis conducted some research in. the schools with Dr. James Holland,

University of Pittsburgh, Associate Professoar of Psychology and Research

13
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Associate of the LRDC. Nicholas Laudato %Efked out a behavior modifiq -

-

cation program for a Hebre; School director who had discipline p;oblems.

& Tommye bhittng worked.as a consultant on individualization at the
! ¢ . . ‘ '
schools in Freedom, Pennsylvania. She consulted,with the Braddock,

e 4

Pennsylvania School District teachers who were attempting to quiet racial

unrest stemming from recent integrationzin the district. She worked,/

also, with social WOrkéis'for the Pittsburgh Board of Education.

All four of the students assisted in conducting a day-long workshop

for the Babcock (Pa;) School District. The R&D Project Director

observed their interaction with the teachers and administrators and
evaluated it. Clearly, each of these students can use his training

effectively himself and can, also, teach others.

b B
‘

)
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PROGRAM DEVELOPMENT:- PHASE 2 . . d

i

Field Testing -

. Phase two began with a second test of the materials (first field ,
test), cqnducted with twentyfchree students, during the Fall and w#nter
trlmebgers of 1972. - 73. The coursé was offered by the University's
Department of Curriculym and Supervision, through the Eitefnal Studies
Proéram of tbé School af General St;dies; The students, post-baccalgureate
adults who could not readily attend on-tampus c0ursgs,'came to the’ campus
only th;ee times: for pretests, postests and interaction sessions. This

externalized feature made it necessary to strengthen the course's self-
«,

-
)

instructional characteristics.

.
v

The course materials proved eff;Etive and suitable to fﬁe very
diverse needs of ;hese’students. All but twe students successfully
completed the first trimester. Fourteen of these students enrolled in the
secoﬁd tfimester of the courseland cqmpleted it with eleven A and thyee B
graaes: (See Summative Eyalhation, p. 17 for more evaluation data.)
Flexibility in rate of progress wa; provided by use of a G (incomplete)
grade for students who needed more time to master the objectives. These
F grades are removed whén the student's curriculum projects have been
completed and evaluated; a(Q description of the projects o6f field test
students 1is in Aﬁpendix E.) | i
The third test of the matérials (second field test), began during
. the w1nter_Term of 1973. It was conducted b§.an instructor who had not
been 15;olved 1n§£he R&D Training Program, with sixteen studehts, whé
qompletéd the first trimester ;atisfactorily. Only three of this group

of students continued the course for a secgnd trimesterjyin the Fall of

1973, and all earned A grades in the cdurse.

¥ - 15
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Sixty students took part in the ‘fourth and final test of the materials

B L
frgm September to December, 1973. Most of ‘them have successfully completed

/four Tif;s. Many of them have indicated their intention to continue through
,the entire instructional sequence,‘now COnsisting of twelve units.
Two new units were added to the External Studies course before: the

final field’test, replacing materials used in the pilot'prograd‘on the

background to instructional design. The University's Department of
Curr&culum and Supervision offered the highly flexible option of taking

all twelve units exterhally. for nine graduate credits or’ any four of the

units for three credits. s 31\ e 1
. . am‘.?‘ ; \; 3._;' & - (éo . )
In addition to testing the two new units, the final ffeld test also
C

was an opportunity to try out the option of&choosing freely those units

needed by the student. This was found feasible and useful for some students.

In addition, the appiopriate posttest items for each student's unique
combination of units were quickly located by the coding system used to
~identify units, objectives, levels and test itemé. They were then admin-
istered by the University Testing Center to’ﬁhose:stud;;;;\aﬁo could not
conveniently come to the interaction session. '

The tatal number of students who took part in the pilot and fie}d
tests of these-ﬁaterials was one hundred and three. Thézrange of students
in tﬁe fieid tests, their educational backg;ound gnd their needs, has been
extremely broad. One student did not have a college degrée. She had been
trained as a practical nurse in a program for minorities. A few students
had no previous‘graduate credits, But most students had graduate credits
ranging from a few to 8everal cFedits beyond the Maétef's degree, and

1

there have been four post-doctoral students enrolled. The majority of

the students have been teachers. There have been, also, guidance

gl
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RIC

Aruitoxt provided by Eic:

a

oy

.
/b, P
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'counsellors, reading specialists, community.college instructors or

assistant professors, registered nurses, a director of a nursing school,

h B

* and industrial training directors. Several graduate students in

* R .
quri!ulgm and Super@isIEn and 'Educational Communicatione also have taken.

« 2.

the course. ' . s
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FORMATIVE EVALUATION
. , 2\
Formative evaluation of these materials was accomplished by use of unit

rating sheets, which provided data for feyision, and posttests qu each unit,
5 - v . ' C L \
which gave evidence of the degree to which the materials successfully taught

’

“the concepts and skills necessary to éccompl}sh'unii objectives.

The most exteénsive alteratigp in ‘the course materials. occurred ddring
the pilot test when the course coétent and format underwent,major changes.
. However, the two revisions of the materials as a result of the field tests

were largely the result of feedbaék from the students. (See Appendix B,

/

this volume, for applicable data. In anition to unit rating sheets and unit
posttests), st;denté were given mailers on which they could list a question

P and receive a response from the instructor. Few of these were used but the

questions. that were returned also suggested portions of the materials which

o

required guller explanations.

-

"Not all students in the External Studies’ field tests returned the unit

@2t

: L N
( \ rating ‘sheets and the responses of those who did were not consistent. Some

students had problems undefétanding the articles which other students rated
most valuable. Yet, it was possible to identify and correct weaknesses in
the materials or to make use of specific suggestions for improvement. The

e

External Studies'stafﬁ‘compiled data for each of the ten units on subject
matter relevancy, clarity of objectives,'sufficiency of materials, interest
of readings, effectiveness of self-scored tests, exercises and study guides.

(See Appendix B, this volume, for this data.)

It was interesting to note the difference in unit ratings under differ-

ent instructors. The coémments revealed an even greate;'difference in student
‘opinion of the instructional materials then did the numerical ratings. Also,

118 of 23 students of instructor o cQptinued into the second trimester
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while only 3 students.put of 16 continued from the class of instructor two.

Since the oourse is self\inétructibnal and is meant to be readily
disseminable it was important to find out why this difference occurred: With
only three interaction sessions a‘trimes;er,two of which w?re given over
largely to testing, the student/instructor interaction could not have caused
this difference.

Anal?sis of the student posttests fevealed a rather dramatic difference
in amount and type of feedgack. Instrquor number one, whose students
reported an overwhelmingly positive reaction to the units wrote‘ngensive
comments on every posttest. Instructor number fwo wrote relativeﬁy few com-
ments.'

neere was also a clear difference in the type of feedback. Instructor
two usually gave feedbéék>iﬂ-£he form of guestions or in a negative form. For
examp’é,,"This is not b;ckward chaining", butr without explaining what it was
or giving an example of the principle the student was attempting. Sometimes
there was a simple éomment, "Use tan mean apply," bui no explanation éo clear
up the student's confusion about how apply differs from anclyze or synthesizé.
One student used both the terms, deductive and inquiry, in describing a lesson.
The comment made by the instructor was, "Are these compatible?"

Instructor number oné, on the otherlhand, responded to a hierarchy that
was not charted correctly by doing one or more possible alternative hierarchies
and guggesting the student consider them. In response to an objective
requiring the student.to "demonstrate awareness of fhe inst;uctional strategiles
on which the program is based," the question was not only "By doing what?"

An example was given, as well, "by definlng the rationale for each."

Anibbjective for in-service training was stated as follows: ''Teachers,

upon completion of the in-service program, aré to perform in the role of

facilitator invthé new environment." Teacher number one responded. "This is

19
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too vague. The rols'of facilitator should be defined in terms of what the
teacher w;ll do. Example: -——-in the role of facilitator as shown by contin-
uous roving, reinforcing of process behaviors, suggesting how students can take
Fesponsibility'fqr finding data, encouraging peer tutoring, etq."
AnAobjective terminatiné a sequence on government fuﬁctions stated that.
the stuQent should be able to "apply these ideas specifically to the U.S."
The student's objective was éualified by the instructor with the addition of
"by déscribing how the government is organized and operates to perform these
functions." Frequently Instructor number one nggested readings in the
" student's own field or specified t%e review necéss;ry. Shé also commented
favorably on every point it was possible tq praise.
As a result of this experience in field testing the materials, it was
apparent that the instructor's manual must stress feedback and must emphasize
the confusions which can result for students attemptipg self-instruction for

the first time.

Self-instructional materials have great possibilities for freeing

professors to do research or to work with students on a one-to-one basig
while the rest of the‘class is working independently. They offef an oppor-—
tunity for people who live at a distance from a university to continue their
education without 1engthy comruting. A single course can be made flexible
and adaptive enough to meet the needé of a broad range of students, to
whose differences a professor lecéuring in a ;lassroom would not be able to
adapt the instruction. However, the amount of feedback whicﬂ mgght'be
acceptable when students‘and instructor are meeting each week is totally

v

insufficlient when the student cannot readily ask questions and' recéive

e
answers.

The feedback should be as positive as possible. When something is

clearly wrong, it must be labelled wrong, of course, but ﬁhe correct response

J;BJ};‘ . 13_:2(] , //’




“must be, plven.  1f, as in this course, there are many ne_ither .right nor wrong
responses, an improvement in quality can be éncouraged by suggeé&ing several
aL;ernativ; responses: ''Why not try this?d "Would this be better, perhaps?"
Whenever possible, each posttest should result in an individualized prescrip-
tion for gurther reading, review, rewriting. '

i fhe unit rating sheets, incluaing student comments on what they liked

‘ﬁt and least, were extremely helpful in eliminatin‘g unsuccessful articles.
Some articles students found to Be difficult were retained because they were>
the best available for a particular purpose. Often, students reread them
later and changed their minds about their value. Some students failed to
realize, in spite of being tbld, that they}were to select the readings they
needed to master the objectives. The Manual alerts the instructor to this
student tendency. It was at the suggestion of several students, also, that
a. glossary was added to the course materials.

The students evaluated the usefulness of the various sections of the

¢

course format, but this data was only obtained from,the group of students

A

who took both trimesters of the course in the Fall and Winter of 1972-73.
They found Eﬁe Overviews the most useful po;tioﬁ of the units. The terminal
objectives were rated next, then the hierarchy. Prerequisite and study guide
objectives were third in value. Posttests, rationale, and tasks and sources
were fourth with the same number of studenﬁs finding them "very useful."
Those students who did not rate all of the sections mentioned here as 'very

useful" rated them "useful', except for one or two students who «ated each
P

one "3gmewhat useful". The element of unit format which/was adjudged of
least value ?3 very udeful, 1 useful, 5 somewhat useful and 3 not too use
ful) was the bibliography. However, for students who needed additional help
it was mentioned as iﬁdispensable. ' ) ////

Use of the pretests to diagnose student needs was helpful for students
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who intended to study the entire sequence as well as those who wanted to work
/'\ .

in only a few specified upits. Particularly for adult students who have not
been in school for awhile, butfor all students stuaying self-instruct?onal
materials, it 1is not helpful to recelve a pretest score. It was found that
listing of the possible number correct and the number missed in each of the s
levels,also was not uéeful. The pretest was used'primarily for self-placement
and fdr a student not familiar with diagnostic-testing it was painful to learn

. N
that most«ﬂf;he questions had not been answered correctly, even though that’

t.‘ .

was the expected outcome.
The procedure.finallyiused was a note to each séudgnt indicating the
: aréas in which he seemed to be knowledgeablexand those ;n which he should con-
centrate his efforts. - ' -

It was found that students come to the program strongest in terminology{

the reform/movement, inst@yctional theory and behavioral objectives. They

L d

are weakest in hierarchies, taxonomies, discip;ine elements, learning theory
v and criterion referénced testing.
For the field test of the second half of the course the posttest for the

] : . .
4 first half was used to diagnose student deficiencies (i1f any) and to write a

letter containing an individualized prescription for making up the deficiencies
before continuing witﬂ the next unit. Each error in the posttest was recog-
nized, not by indicating the student had made an incorrect response, but by a
1ist headed '"Notes on Pos&teét." Each note was a staéément of a concept,

principle, generalization or method corresponding, correctlxﬁggo the student!s

erroneous respouse. The individualized prescription might be to reread an

overview, practice a behavior demanded in a unit posttest, review specified
artfcles or read additional suggested materials in the student's own field.
Feedback directly frbm the students in the form of unit rating sheets

o

and indirectly from their pretests and unit pésttests were used for formative
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evaluation qf the curficulum>program. It resulted in the addition of
two units on the background to insfruc;ional design because several
students e%préssed a need for such an introduction to the course. It
resulted iﬂ.an Instructor's Manual to suggest supplementary activities and
to alert the instructor to ghose directions to which students often fail v
to attend. The Manual also expldins some of the instructional strategies
used in the design ofe the materialé!

Forﬁative evaluation of the curriculum materials led to elimination
of some articles, substitution of others, changing of some tasks or rewording
of some posttests. It led to placing answer keys at .the end of the unit

rather than after each study juide, to extensive use of feedback, and to

the addition of two units and an Instructor's Manual.

— >
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SUMMATIVE EVALUATION

The point made by Liﬂdvall and Cox (1970, p. 58), in their monograph
on the IPI program evaluation, applies equally to thig pgoéram whi;ﬂ is aiso
based on a sq;ucFured—curriculum’model: "With this approach to program
déveiopment there is really’no summative evaluation. There is -only summative
evaluation for a giv;n stage, describing what results are produced by the
program at that stage.' The results of ﬁhe program as of its terminal date,
No&ember 30, 1973 are desérihed Heré. Each new group of students expands the
potential impact of the program, as each past group of students has provid?d
formative evaluation data leiding to program improvement. A product-oriented
curriculum in which mastery is measured by ability_to produce comp}ggeasive
instructional systems can oan be evalugted by the quality of the/products
producea and the growthrof the students from neophytéslin curriculum to
designers and developers of‘effective curéicular components.

The pretests, as noted in the chapter on Formative Evaluationp'were
used for 'diagnosis. Ncvertheless, it is possible to measure the growth
beéween pre and posttest with the first group of field test students who
continued through the ten urits then included in the program._ For this
group of students, the pretest was acored and the range was 23 to 42, the
median 41. The posttest range was 74 to 96 with a median of 91: Not
included were the three lowest-score stgdents (46,60,70),»uhgmelecteﬂ/zg
take incomplete grades, continued to wq}k with the ﬁaterials, and
completed'them with two A"s and one B in the fol}owing trimester.

Validity of posttests in criterion-referenced measurement depends on

whether or not they test the objectives. The unit posttests in this

4
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,‘design instructional systems.

' sequence, select content instances.

course are valid because they all demand the gsame behavior that i{
demanded by the unit terminal objective.

In a structured curriculum, the student must master the objectives
of one unit before he can proceed to the next. When the student is working
independently and, in some cases, checks even his own posttest, progression
is determined/by him. However, the instructor checks enough éf the posttests
to monitor szgdent progress and to prescribe progression to a new unit or
more work. in the present unit.

1

Test evidence has shown that pilot and field test students could

perform the following behaviors: L .

I.* Analyze the structured-curriculum model iﬁ‘fz;ms of adaptability to

[

-

the needs and goals of a fésr-changing world.
II. Given an educational problem,'identify theoretical formulations
which could.be used to select appropriate instructional strategies or to

*

. III. Given a content scope and sequence for a one demester course,

.identify elements of the discipline structure. Co

III. Given elements of discipline structure and confent scope and

IV. Given a terminal objective construct a behévioral hierarchy and-

code -each component obje€tive by the appropriate Bloom, "Krathwohl or Cagne
\

t

level.
= . .
V. Given a student population and behavioral objectives, or self-

-

selected population and objectives, specify appropriate instructional methods,

L)

» ) -
media, strategies and classroom environment.
VI. Given evaluation problems, be able to describe how the curriculum

designer would solyé them.- .

*Objectives are numbered by-unit. .

Y




VII. Civen_hyﬁgzhetical administrative problems, prescribe, on the basis of
administrative theory, the most effective means of solving them.
VII. ‘Civen an innovative curriculum, plan an in-service training proéfam
to teach teachers to implement it.
JVIII. Draw up and specify 1in wri;ing his own tenLative, step—byétep pro-

cedures for the design of instruction, which may be specific to his own area

of instruction and which will be used for his own.design project.

' XI. Do curriculum content, concept-and component analyses and chart and z‘
code his behavioral hierarchy by Bloom and Krathwohl or Cagne;s levels. .
X. Given a curriculum hierarchy (or a student-generated hierarchy) .
select the optimél testing points and write appropriaté tests.) \
! XI. Given (or self-selected) leséon\objgctivé§}§ET test and student b
characterjstics; the’gtudent should be able to idenfify an appropriate B
9’ method, stragegies, classroom environment and alternativé media, fill out-a ‘/

>

lesson writer's rationale and write a lesson.
. - ' . . L

XII. Given a description of a management problem, solve it.

XII. Given an individualized structured curriculum of his own design,

design a completé managemen£ system. ' . /
. .
“\‘ In addition tolﬁhat the students of the program are able to do, the program
{&}AS\”W may be further ‘evaluated in terms of the five products which were promised in ,
‘534 . . .
T;j;'_"z the Dgcember, 1972 Report of the Project (p. 5)
. ,' o 1. Rersqnnel with SPECiaLiZEd training in curriculum design~ R
. e, X

The listing of what the students traineé in the program can

o~

\ ‘.do specifically on the preceding pages iddicatea that this promisel
: 4 ot v ' \ ?

~ hasg, -been jglfllled. In addition, Appéndix D exhipits work of the -

%

N . . ORI
"

pilo? group of studénts. ‘This'includes a.{izii on- the External

f Studieg-ﬁeffvery System by Diane Davis; a pdpe on Computer Assisted
I~ [ v . . LI
L3

-Instr&ctiogLid'Problem Solving: The Word Problem by Nicholas

»
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Laudato; an Analysis of NRS, the LRDC Redding Program by Sister

Claire McCormick; and a series of cartoons to teach social interaction

Skills/by Tommye Whiting. These four curriculum students evaluate

their training in Appendix C.

A tested training program and guides for conducting instruction in

the program. ) * .

The Curriculum Design Project has developed twelve self-
in%ﬁructional units, with pre and post-tests and,a; Instructor's
Manual. This comprises a comprehensive course in the design of
structured, adaptive, individualized curricula, and the manage-
ment systems, administration and in-service training to implement
them. It has been tested as described above. The four volume
course accompanies thiS'Report.

An operational model for a consortiﬁm of training agencies.

In the Curriculum Design Project most of  the cooperatién was
between the Learning Resegrch and Developﬁent Center and the p
University of ;ittsburgh échool of Education, particularly the

: S
Department of Curriculum and Supervision. is program would not

‘

‘have been possible wi;hout the cooperation and the Willingness to

try innovative approaches to training shown by the Curriculum and
Supervision Department. This cooperation resulted ;n highly
flexible, highly individualized courses of study for the”graduate
students enrolled in the prog;am.

Tested approaches for evaluating training programs both on a program
develoﬁment basis as'well as a studeﬁt basis.

The Unit Rating Sheets have proven an effective way to eva;uate

curriculum training materials (Appendix:B). Use of the structured

-

model, behavioral hierarchies and criterion-referenced tests makes
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possible straight-forward evaluation of student products to measure
attainment of program goals. The terminal objective of each uﬁit‘
hierarchy can be posttested. .
Tasks, which include questions to direct student attention and
aid retention, serve as curriculum e;Bedded test items to help the
QEudent monitor his ownlprogress. These have proven very effective.
A 5. The final outcome offthe operational test (the 1972 report suggested) --
may be contributions t; theogy and research on the development of t
training programs. ' ; :

.

The curriculum project has hinted at several interesting

-

principles of iﬁaividualized, self-instructional curriculum design

N -

which Should be further investigated by other researchers:

1. It has loﬁg been argued, particularliy in response

’ to critics of teo much testing, that testiné/and teaching
begin to merge in IPI and other structured curricula. The .
format developed for this program virtually merges curricu-
lum eﬁbedded tests with teaching sequences 1n the tasks
which are £he instruction. The optimal arrangement of
input (reading) and practice (answering questionawgr per—
forﬁing tasks) for adult learners should be investigated.

’ ) 2. The field tests seem to indicate that for a self-
instructional course addressed tj adults ana curricuium’
product-or}enf@g, positive and specific feedback, with
examples, 1is essehﬁial. For students who are highly
motivated and self-directive it is possible to use the
course without feedback from an instructor. The princi- ¥

~ ] ‘ ple seems to be that self instructional training:for

development of curriculum products demands extensive Tfi
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' feedback to be optimally effedtiwve.

3. Pretests, used diagnos:;cally to indic;te which
units can be selected if the student needs only some but
not all twelve of the units, seenm tg,provide the student
with the greatest amount df direction if tﬁey are reported
in terms of what the student knows and what he needs Lo
know. Reporting of scores is no£ helpful. Reporting of
Aumber correct out of the’possible number is not helpful.
Both discour;ge tﬁe student learning independentlyn

4. For self-instructional mater;als, it is a very
useful procedure to divide (and code) tests into uﬁits

-

and, within units into taxonomic levels. This makes it
L possible to ;eport in a me;;ingful way to the student in
terms. of his weaknesses and strengths. It 1s helpful to
a student who is managing his own instruction to tell
him he needs to work»on methodology or on appliiﬁtion of
curriculum design principles to a given prublem or, per-
haps, evaluation of curricular ,components in terms of
= . .
external criteria. -
The Curricttilum Design Program is unique in its comprehensiveness. It
delves intb all phases of dn indi;idqaiiééd instructional system. It is
readily transportable. Portioﬁs of it have been used at G6vernor's State
‘ : . N
University by a former colleague of the project director and by department
members in the Departmeﬁt of Curriculum‘and Supervision at the University of
Pittsburgh. 3
Student attitudes are overwhelmingly positive. Laudato (Appendix C)

praises its efficiency, "After attaining a more global picture, beginnipg

again in detail was most instructive. In retrospect, the manner in whichl

29 —
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' anawledge and skills were slowly built upon one another was remarkably <
efficient."” |

Product impact can be judged from the quaﬁity of the curricula being
produced by the sthgents (see Appendix E), by the impact on the students,
several of whom are continuing their graduate studies because of the
interest aroused by the course; and by the number of studeq}s to whom oth;rt
departments at this';niveréity (and other universities) are recommending
the course. 'From a first field test of twenty-three students in the Fall
of 1972, the number enrolled in the Fall offi973 rose to 60. In addition,
two students of the course, one from the pilot group and one from .the

field test group, are working with university professors for the External .

Studies Program helping them to ingividualize and externalize their courses

following the course design model. This is providing students who could not
otherwise get to the University with carefully structured courses of quality at

least equal to those offered on campus.

«




THE TRAINING PRODUCT

The curriculum design and gevelopment course ;hd instructor's manual
described in this report consists of twelve self-instructional units divided
into three malor concentrations. (Course outlines, Appendix A) The‘firét
section,‘which was left out of the first field test but was found to be
necessa;y for ;;ny students, 1s on the Background to Ingtructional Design.
Under the Goals of Education‘are study guides on Goal Setting; The Reform
Movement and Individualization of Instruction. This examines forces influ-
encing educational goals and provides historical perspective on instructional
innovations of the past two decades. /

The second unit is on the Psychological Bases of Instruction which
includes study guides on Learning Theories,'Instructional Theories and
Behavior Management. Here the major theories about how people learn and

how we can help them to learn are described and compared, not to convert

- - " this very specialized course into a survey of the psycholegy of learning and
instruction, but to establish the framework.upon‘which the Theoretical
Rationale for Instruction;l Design, the su;ceeding section, 1s built.

The Theoretical Rationale for Instructional Design helps the student to
understand why a structured curriculum design is based on the conceptual
Structure of a discipline; the purpose of stating ob?ectiveé’in terms of
observable behavior; anthhe need for explicit selection and recording of the
instructional strategies used to move the student from his entering to the
desired terminal behavior. The kinds of evaluation used in désigning and

developing individualized instruction and the rationale for them follows.
The concluding unit describes the differences in administration required for .
an adaptive instructional environment and the kinds of in-service training.

: ~—
needed for its staff. The procedures for designing and developing each of
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1)
these components are described and supported in theory in the study guides:
X

Structure of the Discipline, éontentvand Cdqcept Analysis, Behavioral Objec-
tives,'Téxonomies, Component Analisis, Adapting Instruction to Learner Charac-
teristics, Instructional Methods, Media and Strategies, Classroom Environment,
Formative and Summative Evaluation in éurriculum Design, Administration and
In-Service Training.

The final segtion of the curriculum course is Applied Instructional De-
sign. Beginning with Design Procedures and ending with Management System
Design, this portion of the coursé requires that the student design.components
of a curriculum on the séructured curriculum model for individualization of
instruction. The units between the design unit and the managemént system unit

v
are Specitication of Objectives and Structuring of Hierarchies,. Criterion-
Referenced Test Cnnstruction and Lesson Writing.

The student plans his own design procedures with the option of altering
them as he proceeds, if they prove to be ineffective or inefficient. The
study guides in this unit are Application of Instructional Theory to Instruc-
tional Design and A Process quel for Instructional Design, which is the
design model on which the contse is written. (See Appendix A)

Other study guides in qkis section ar;xIdentifying and Writing Objectives,
btructuring and Charting Hie@archies, Writing Test Items, Sampling the

Objective Domain and Assembling Tests, Selection of Instructional Methods, 4

—

Media and Strategies, Constructing a

esson Rationale and Writing a Lesson,b
Feedback System and Staff Planning. ‘frocedures for ea¢h of these curriculum
design steps are detailed and are pr} dced by the students, Instructional
strategies are not prescribed. The -;hwsions which need to be made in‘

designing instruction adaptive to individual needs, and the points at whichv

they must be made, are clearlyf;plained The presently available options,

within the limits of the knowledge we have about how we can help people leatn,
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are set forth for the student to examine. -
Each unit in the curriculum course begins with a rationale which
establishes the relationship of the unit objectives to the overall/éourse
. objectives. The terminal objectives follow, stated in behavioral terms, and
indicat: the explicit behaviors which each student is expected to be able to
+ exhibit at the completion of the unit. These terminal objectives are followed
by prerequisite objectfves to the unit.
‘ A& charted hierarchy of all the objectives of the unit gives the student
a graphic represenﬁation of the structural relationship between the objectivés
and makes it possible for him to find out, at a glance, how {ar he has pro-
gressed and what remains to be achieved.
The ledson materials are in the form of study guides, two or three to a
' unit. Egch study guide represents a branch of the instructionai sequence and
begins with objectives. These lesson objectives are further defined in terms
of taéks that. are similar to curriculum embedded items for the student to
berform. They help the student evaluaté his own progress. Tﬂey also are
designed to assure the student's aktention and direct it to the important

/
information he should retain. Each task is listed parallel to a source whicﬁ

may be an article from a journal incorporated in the unit, a chapter in one
of the four prescribed texts, or a portion of the unit overview. The sources
are coded to the objectives they help the student to master. At the end of

the unit, an answer key is provided for each study guide so the student can

2

receive immediate feedback on his responses. The tasks may require the

application of skills previously learned in the course to given design problems,

the analysis of elements of given curricula, or synthesis in designing curricu-
lum components. .

The unit overview follows the study guides, giving an abbreviated version

of unit content and usually including explanations and descriptions of concepts

ERIC 26 33




: | ™
and procedures not readily or briefly available in books or articles.

Each unit has a bibliography with items also codéd to the objectives .
to make it possible for the studegt to locete additional referen;es to
assist him in mastering any given unit objective.

’Finally, at the‘end of eazh unit is a posttest whish may include an
answer key, criteria or examples of appropriate responses that would indicate
mastery of unit objectives. This unit test poﬁ only provides information
;o instructor and student on his progress and governs his décision to go of
to a new.unit, but also provides evidenée of the effectiveness of the
materials.

" This course diffefs from most curriculum training programs in that it is
based on a process model for curriculum design (PIC) which is concept-centered
and which includes procedures for a separate éonbept analysis, as well as‘
content and component analysis steps in design procedures. Also, the model
calls for applicgtion of research-based instructional strategies to instruc-.
tional design and record-keeping to monitor their effectiveness. Finally,
the model demands systematic sampling of higher level skills of analysis and
synthesighin each unit of instruction.

Most of the procedures taught in the course are derived from experiences

' of research and development centers and the new field of instructional

) psychology.

While this is based on a specific procedural model for instructional
" design, it is in n6 way limited in the variety of theorieé from wgich the
designer can borrow, or the creative approaches to instruction which it is
possible to employ in building on the model};tructure.
‘The entire course has been revised on the basis of the feedback from
pilot and field testing. An Instructor's Manual has been wr%tten to identify
/ . ,
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some o{ fhe'misunderstandings which could arise when students are studying
iﬁdependedtly and to suggest how the instructor can prevent problems by his dwn
direc;ions and the kind of feedback he provides on the student's work. The

Manual also suggests suéplementary activities.

There is a pretest for the entire course which is coded according to
skill levels and units so that it is possible to pretest on any unit or group
of units or the entire course. It is also possible to pretest on particular" (“/
skills: for example, curriculum analysis.
ﬂ}his product is twelve highly adaptive, highlynglexible, self-instructional
unit; in curriculum design and development, a course pretest, unit posttests )
and ap instructor's manual.

Potential users of the course arg R & D Centers for sﬁaff training, In-
Service Teacher Training Institutes, University Undergrad;éte Schools of
Education, University Extra-Mural Post-Baccalaureate Pfograms (See Appendix E‘
for the broad range of students this course has served),Graduate Education
Programs for Curriculum Specialist, for Master's Degree or for Doctorate in
Curriculum.

A Publisher's Alert and a Request for Proposals have been sent to The

National Institute for Education.
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PIC: A PROCESS MODEL FOR INDIVIDUALIZATION OF CURRICULA
Doris T. Gow

- 4

University of Pittsburgh

INTRODUCTION

The Carnegie Commission on Higher Education (1972) has predicted
that "off-campus instruction of adults may become both the most fapidly
Zexpanding and the most rapidly changing segment of post secondary
education (p.4)." Because there are few self-instructional materials
capable of meeting this need, they have urged that learning technology
centeré be established to engage in design, planning and production
instructional units for use by participating institutions and extrg/mural
educational systems (pp. 55-56).

This paper describes a model used to develop and package»curriculdh
design training materials and University of Pittsburgh External Studies
courses. It suggests that the model wouid be effective and efficient
for the production of the instructional units proposed by f%e Carnegie
Commission. The training materials themselves would be appropriaté to
train personnel for‘the learning technology centers the Commission has {
advocated.

Called PIC, or the Process Model for the Individualization of
Curricula, the model combines structured curriculum design components

" with procedures for develonping curricula whigh emphasize the structure of ,
th; discipline. These procedures focus on process bir;ampling in each

unat all skill levels in order to promote the building of independent

e

<
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learﬁing capabilities; systematic application of research-based instructional

strategies to the design of instruction; and hse of independent inquiry

-

within a structured model for instruction.
.

(

<)

EVOLUTION OF THE MODEL
\ :

This curriculum model was developed at- the Learning Research and
e

Development Center at the University of Pittsburgh to provide curriculum
design training macerials and to train curriculum design specialists.
The tralning was federally funded to help alleviate the well;documented
short;ge of trained personnel for R ana D Centers (Chase, 1964; Clark
and Hopkins, 1969; Gideonse, 1970).

Appropriateiy, since the LRDC had developed Individually Prescribed

Instruction (IPI) and the Primary Education Project (PEP), both structured

urricula, the design model selected for the training program was based

[¢]

on the structured or adaptive curriculum model. Lindvall and Cox (1969)

have identified the components of this model as:

1. Sequences of instructional objectives to define the
curriculum

2. Instructfonal materials to teach each objective

3. An evaluation procedure for placing each pupil

at the appropriate point in the curriculum

4. A plan for developing iudividualized programs of
study

5. A proceflure for evaluating and monitoring individual
progregds.

Procedures developed for application of the structured curriculum
model to social studies (Gow, 1972) were selected for the design of

the curriculum training materials, with a self-instructional format

N
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(Gow, 1972/73X which would allow students to assess their own needs ands
develop their own programs of study.
When the University of Pittsburgh inaugurated a pilot external
—studies project, a major part of these self—instructidnal materialg became
"

a post baccalaureate course in the design and devélopment of €furricular
ma&erials and the model for -individualization of other University courses
for1thra mural, self-instr;;tional studies. The PIC Modei's content
-and zomponent analysis procedurés based on structure of the discipliﬂes
seeméd tofbe uniquely suite% to the complex subject méttgr of higher |
education, and thé format was especially appropriate to meet the problems

. .

of extra mural education.

THE MODEL : ‘ ®

The model, which evolved out of th% efforts described here, ;s
.termed a Process Mbdel for Individualizag;bn of Curricuia to distinguish
it fromtother structured curriculum modeis. While it is comprised of
the usual.%tructureq—curriculum components and procedures (Gagne, 1965;
&ager, 1962; Nitko, 1972; Bloom, 1956; Resnick and Wang, 1969) there are
fundamental differences in the techniques fsr establishing instructional
sequences and structuring hierarchies. In addition, .there is é
systeﬁatic attempF to apply the information we now have from the expanding
field of instructional péthology t6 the design of curricula. The model ‘;

. o o

itself is adaptivé and provides a vehfcle for thg\incorporation of new

knowledge about the learning process as it is acquired.

]
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The persuasive case for the teaching of the fundamental concepts
and inquiry, to promote transfer and acquisition of intellectual skills,

was made as far ba

.%s 1929 by Whitehead (p. 21) and 1938 by Dewey

(p. 30), but it was_Brunerrs The Process of Education (1960) which had -

a major impact on the curricula created during the Reform Movement of
the Sixties. In Bruner's words:
' "To understand something as a specific instance of a

more general case ... 1s to have learned not only a

specific thing, but also a model for understanding’

other. things like it that one may encounter.'
. (Bruner, 1960, p.23) -

To know method, another element of struéture, is to know how to
find out more about a subject. The processes the student uses are the
intellectual skills he needs if he 1s to’ acquire, organize and use the

.informatio; fundamental to the discipline.

In addition, developﬁent of the concepts, which are elements’ of
a discipline, is a process itself. Concept accommodation takes place as
concepts become integrated into the student'; frame of reference.
Concepts grow and change instead of remaining static over time. Also,
concepts are idiosyncratic because each individual's éxpgriéncéuis‘unique.
Individualized instruction based on concepts is therefore intrinsically
individualized as well as adaptive to each student's needs.

Many quality curricula have been built on structure of disciplines

in the past decade. (AAAS Science; BSCS Biology; SMSG Math; Taba Social

Studies; Senesch Economics). Although Bruner seems to have become

somewhat disenchanted (1971) with the ideas espoused by The Process of

‘1:2 ’ '
N
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Education, at least for the elementary and secondary years, his attitude
apparently reflects a new concern for the importance of initiative and
motivation)to learn.

At the University level, however, discipline structure remains
an essential consideration in curriculum design. Structured university
education should focus on the processes which provide the student with
the ability to learn independently. The PIC Model uses the fundamental
concepts, principles, generalizations and methods of the discipline as
the'foundagion fér curriculum design and the basis for development of
objective hierarchies and sequencing of instruction.

The Taxonomies of Bloom (1956) and Krathwohl (1964) are also
used in the development of hierarchies. When curricula are analyzed, it

-

is found that they seldom teach and test béyondnthe third level‘of
Bloom's Taxonomy (Cox and Wildemahﬂ,‘l970, p;. 24,26,38,42). Y;t, we
knoﬁ that higher level skills transfer or facilitate learning (Gagne,
1971, p. 116; Bloom, et al., 1971, p. 122). The PIC Model, therefore,
uses the Taxonomigg as tools in the design process.

A further essential procedure to maximize the effectiveness of a
structured-cufficulum is the systematic applicatiqn of research-based
instructional strategies appropriate for the student, the subject matter

14 1 4 . ’
and the objectives. The model borrows, pragmatically, from developmental,

behaviorist or cognitive theory for selection of these strategies.

a v
The Process Model prescribes structured curriculum components

and describes procedures for building each component. The curriculum




r
designer is encouraged to establish his own procedural sequence, rather

than follow a 'linear systems approach, because on-the-job eiperience has
revealed that curriculum design is a highly complex and personal process.
It involves backward steps to revise a previously writtéL portion in the
light of each forward step. .

L ]
DESIGN PROCEDURES

It is in identifying the first component of the structured

curriculum, sequences of instructional objectives to define the curriculum,

that the PIC Model differs appreciably froﬁ most design procedures.

The PIC Moqgl uses the usual content and comﬁonent analysis ,
procedures (Gagne, 1968) but adds to them: (a) concept analysis qnd-
(b) systematic sampling of skills.

Content is defined for this model as the peéﬁ)@, 1nformat13ﬁ,
events and data at the knowledge level (1.32 afid below) of the cognitive
Taxonomy. Content is selected because it represents the positive or

negative instances of the basic concepts which are most appropriate for

the student population and for the level of the instructional sequence
based on our present knowledge of concept lea;ning. A variety of concept
instances may be identified mdking it possible for the specific content
he will study to be chosen according to the individual student's
interesp. Instead of concépts being developed as a by-product of the

study “of content, the facts, events and data of content are used to

V4 . : - ‘
encourage conceptualization. Ihe focal point is the concept.

44 ™~
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For ah already existing course which 1s ﬁeing individualized,
the course outline_provides the content %Cope and sequence. For a new\
course, it 1s necessary to do a content analysis, ordering the subject
matter chronologically, by topic or by whatever logical organization the
curriculum‘designer has selected. |

The fundamental conceptg ofAthe discipline which the course
teaches are identified. This process may be called a coﬁcept analysis
since it identifies the concept hierarchy or inter-relationships of the
concepﬁual structure. A concept analysis produces a hierarchy of Sub-v
concepts, concepts, principles and géneralizations for each unit of
instruction. ' / )

\

%9 perform a concépt'analysis, the curriculum designer begins
with a'generalization and works backward asking what principles the
students must know énd‘be able to apply in order to understand this
generalization. Then he asks what concepts he must know, andvpe able
to identify examples of, in order to understand this pr;nciple. In this
fashion, he works back to subconcepté that the student may be expected
to know and be able to use. Often, specification of these elements

y
of the discipline structure leads to addition of concept exemplars or

reordering of content. =
The PIC Model requires explicit identification of skills and
methodology of the discipline and the use of .Bloom's Taxonomy ‘to select

intellectual processes to incorporate into the course. The Taxonomy

is used, in other words, to generate objectives. The process of

[Se
A
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expressing the objectives of the course behaviorally involves expressly

sampling higher taxonomic level skills. .
The curriculum desiéner combines the products of the content and
concebt analyses, merging them with the sglected sgills and“expressiﬁg
the behavior-in ébjectiveg which state what the student does , under what -
conditions and how well he doeg it (Mager, 1962). In constructing the
instructional hiérarchy, all ‘of the following are considered: logical
order of content and corcepts, sequence of elements of disciplire
structure, and taxonomy lewels of skills. To teach students the processes
- of learning, the intellectual skills and methods of the discipline are
| practiced oﬁqcontent and concepts.
In'hig early writings, Gagne used the terms "concepps" and
"principles" 1n his hierarchies. Later, he changed concepts and principles
. to concept learning §r classifying and applyigg rules or principles.
The original use of these/te;ms and the subsequent change reflect the
ﬁroblem which'thebPiCLMpdel attempts to solve.
L ‘ 'Conceptd’may bethth“knowledge and process. Thereé%re,ithey are
.1nherent}y dikﬁerégt from both content,as facts, events, people and data,

13

= and skills . When content includes concepts this dual function of \

concepts.causes great~difficulty in structuring hierarchies, especially ¢

- . )
when dealing with complex subject matter. By separating content analysis

- from concept, analysis and component analysis this problem is eliminated.

-a i

: _( S The Second component of a structured-curriculum, instructional
P . .

maEgrials to teach each objective, requires the curriculum desipner to

¢
N . ! ) '
. ,
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usé his teaching skills to move' the student from his enteriﬁg_behavior .
to mastery of the terminal objectives of each lesson. It is}in the
'degree of specificity of design strategies and the techni&ue of recording
_ the rationale for them,that the process model differs from most structured
‘curriculum models.

Tge PIC Model requires that definition of each pedagogical
decision .0of lesson wriéer be explicit. A planning form calls for 1Yisting
of the objectives' prerequisite behaviors and the activities the student
will parti%ipate in or tasks the student will perform. Most importantly,

"the lesson rationale defines and explains the method, mode, setting and

instructional strategies used in the lesson. This requires a systematic

examination of each element which must be matched to achigve maximally

effective instruction. *

The careful épecification of strategies, and the systématic
attempt to relate the lesson design to the requirements of the student ’
and the subject matter and to justify that match by means of a lesson
J_,/‘i:ationale eases formative evaluatiop procedures; It becomes possible
to‘locéfe and change instructional st}ategies found to be ineffective,
without altering other elements of the surriculum.. The lésson rationale
technique can facilitaté evaluation of different strétegies qn& de&elop-

1

ment of more effective instructional materials.

The PIC Model does not differ appreciably from other such models
] in its procedures for development of the final three éompoﬁents of
L] .

the structured curriculum: An eQaluation procedure for placing each

47
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pupil at the appropriate point in the curriculum; a plan for developing

individualized programs of study and a procedure for evaluating and

monitoring individual progress. It employs the usual criterion-referenced

tests: diagnostic, placement, curriculum embedded or umnit sub-tests and
post—tests.

The model does, however, include a procedure for selecting testing
points to make testing more efficient. %/ charting each unit objective

y

hierarchy (Nitko, Swaﬁson, 1968), it is poséible to select the optimal
testing points which can reduce the number of necessary tests. (See
Appendix III). Since it can be assumed that mastery of earlier sequential .
/ ' objectives has preceded mastery ok later ones, branch terminus objectives
may, in many caBes, be optimai testing points. |

Sometimes there are two terminal objectives; one a cumulative or -
culminating objective and the other a synthesis objective. A cumulative
objective is essentially the sum of all the other objectives. A synthesis .
objective goes beyond this to incorporate the student's own perspective,
solution or organization of the knowledge and ékills of the hierarchy.
The decis;on on whether to test one or both or whether to demand mastery
of both, depends on diagnosis of the student's present'requirements.
For example: Suppose a student were studying social studies and there
were two sequential objectives at the top of a charted unit hierarchy.
He mastered the first which was cumulativg, but could not master the final
objective which required him to formulate a generalization. More examples

-

of the concept in additional optional materials mightllead him to the

S
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generalization, or it might be deferred until his next encounter with

the conEept. (See Appendix 1IV) ’ ///
Finally, thé PIC model, because it 1s a process model, can be

used to prodﬁce/structured curricula written in advance of -the instructional

event and still feature open-ended individual inquiry as a possible

desigp option. Since the focus 1s on processes, and indtruction is care-

fully sequenced and written to teach Process, criteria can be established

for unique résponses resulting from indépendent research or creative

production. The product can be evaluated in terms of the evidence it

provides of the processes used to produce it. Self-evaluation can be

accomplished by use of criteria and proceés check-lists.

*
)

THE FORMAT OF THE CURRICULUM COURSE

Each unit of the curriculum course based on the PIC model includes

o

6bjectives,'a chartea objective hierarchy, study guides, answer keys, an
overview, pertinent reprints of journal articles, a bibliograpgy and a
post-test. Although the format is particularly suited to mature students
capable of self-direction, it can be used for instruction at any grade
level, including computer assisted or teacher or aide monitored instruction,
since all compénents of the instructional package are cross—coded.
Currichlum—embedded‘tgst items, study gulde tasks and sources for these
tasks are coded to the objectives.

Students are guided iﬁ their choice of objectives by the prétest
and their own aims. Individual differences am;ng extra mural students

1
may be expected to be greater than among university undergraduates or

49
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graduate students. Therefore, the pretest directs students éo remedial
units and permits them to "test out" of units they do not need.
Additional sources, listed in the bibliography, can be used to remedy
deficiencies in comprehension or skill revealed by failure to masterﬁtest
items or study guide tasks.

This format makes it possible for the student to determine his

/
own placement in the program, plan his own program of study and monitor

his own progréei;

INDIVIDUALIZED APPLICATION OF THE MODEL

The curriculum course which teaches the design model described
in this paper als; teaches the instructional theory on which the PIC
model is based., The procedures for designing curriculum components
range from simple procedures to convert a traditional course to an
individualized one to highly complicated prbcedures for creating an
adaptive instructional environment. Knowledge of the theoretical basis
for the degign of instruction makes it poésible for the student curriculum
designer to make an informed Jjudgment about the degree of structure he
needs and wants to incorporate in hig courée and to selectively study as’
much as he needs to know to accomplish those ends.

For example, the instructional desigﬁer who will be employed at

an R and D Center would need to learn some of the highly sophisticated

techniques for validating instructional hierarchies, while this might

not be necessary or feasible for university professotrs who cannot devote




considerable time to individualization of their courses. Imposing these
techniques on teachers and curriculum specialists in schools might
discourage further efforts towards structuring effective individualized
curricula. Rather, hierarchies can be considered tentative until empirically
d validated. An ;dvantage to this latter stance 1is that it reinforces the

attitude that curriculum development 1s-a process and curricula are re-

visionary rather than static.

SUMMARY
The predictions and recommendations of the Carnegie Commission on
Higher Education of fhe trend toward off-campus instruction of adults and

the need for degign of instructional units to meet the expected eipanpion

—

suggest that a model is needed for the complex subject matter of the -
university. Such a model would contribute to the effectiveness and
efficiency of higher education and particularly.of extra mcral adult
education. | .

The Process Model for Individualizing Curricula (PIC) described
in this paﬁer, focuses on the structure of disciplines which make it
appropriate for complex university-level content. Its trial run as a
graduate course, developed by using the processes it teaché;, has shown

its effectiveness for teaching learning and instructional theory as well

as applied curriculum design skills. This seems to support its usefulness

for both theoretical and applied courses.

The highly structured unit design and self-instructional fofmat




recommend the total'design package for use in in-service teacher training
and for master's and doctoral programs as well as for tegching extra

mural university curriculum design in any field.




APPENDIX I

PROJECT TO DESIGN NEW PATTERNS FOR TRAINING R&D PERSONNEL IN EDUCATION:
'+ CURRICULUM DESIGN AND DEVELOPMENT PROJECT -

Course Outl}ne: The Design of Indiyidualized Instructional Curricula

i
7

Backgroundfto Instructional Design

]
I.  Goals! of Education ) -

A, ,Goal—setting

S RS Cr mng ey,

B. ; The Reform Movement
i

4
C. i Individualization of Instruction

I1. Psychological Bases of Instruction

A. Learning Theories o /)&
B.. Ingtructional Theories .
C Behavior Management

”»

Theoretical Rationale for Instructional Design

III. %he Subject Matter 5
A. Structure of the Disc;plihe
B.+ Content Analysis

1v. “The skills

A, Behavioral Objectives

-
B. - Taxonomies
. C. Co:;9aéntAnalysis
> V. The Instfuction
A, Instructional Methods and Strategies
B. Media
C. Classroom Environment
VI. Evaluation r —
‘ %
A. Formative
Feedback
. Field Testing
Dissemination

B. Summative
O ‘ . ' 53




VII. School Qrganization
A, Administrative Theory and Practice
B, In-Service Teacher Training

Applied Instructional Design

VIII. The Design of Instruction <

A, Design Procedures

. B. Specification and Structuring of Objectives

C. _ Criterion-Referenced Test Construction /

D. Selection of Instructional Methods, Media, Strategies

and Setting
E. Lesson Writing

F. Management System Design

Curriculym Synthesis

IX. Instructional System Development Project
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APPENDIX II

External Studies Course

’

'Bagkground to Instructional Design

I.

II.

Goals of Education . _ L

-

Study Guide 1.
-

Study Guide 2.

Study Guide 3.

Psychological Baseé of Instruction , Y,

Study Guide 1.
Study Guide 2.

Study Guide 3.

Theoretical Rationale

Goal-Setting ’
The Reform Movement

Individualization of Instruction

Learning Theories
Instructiéfidl Theories

Behavior Management

-~

for Instructional Design

I1I.

%

Iv.

VI.

The Subject Matter

Study Guide 1.
Study Guide 2.
The Skills
Study Guide 1.
Study Guide 2.
Study Guide 3.
The InsStruction
ﬂStudy Guide -t
Stud; Guilde 2.
Study Guide 3.A
Evaluation

Study Guide 1.

Structure of the Discipline

Content and Concept Analysis

bl

Behavioral Objectiveg .«
Taxonomies.

Component Analysis

IR
1

Adapting Instruction to Learner Charactefistics
Instructional Methods, Media,and Strategies
Classroom Environment

’ ! . A -

Formative and Summative Evaluation in Curriculum
Design '

™~

A
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VII. School Administration and In-Service Traiming

Study Guide 1. Administration - .

-
»

Study Guide 2. In-Serv%ce Training .

Applied Instructional Design

’

VIII. Design Procedures .

Study Guide 1. Application of Instructional Theory to Instructlonai
Design .

Study Guide 2. A Process Model for Instructional Design
IX. Specification of Objectives and Structuring of Hierarchies
Study Guide 1. Identifying and Writing Objectives
Study Guide 2. Structuring and Charting'Higrarchies
X. Criterion-Referenced Test Construction
| Study Guide 1. Writing Test Items
Studf Guide 2. Sampling Objective Domain.and Assembling Tests

XI. Lesson Writing

Study Guide 1. Selection of Instructional Methods, Media, Strategies
and Setting / '

v

Study Guide 2.  Constructing a Lesson Rationale and Writing a
Lesson <

XII. Management SystemADesign, ‘;
Stud& Guide 1. Feedback System

" Study Guide 2. Staff Planning
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D. HIERARCHY
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APPENDIX III

Examples bf Charted Hierarchies

ELEMCNTS OF DISCIPDINE 11
STRUCTURE AND CONTENT
SCOPE AND SEQUENCE

SELECT CONTENT INSTANCES

CONTENT SCOPE AND SEQUENCE
FOR A 10
ONE SEMESTER COURSE

IDENTIFY ELEMENTS OF THE
DISCIPLINE STRUCTURE

IDENTIFY ONE OF EACH
ELEMENT OF STRUCTURE
OF HIS OWN DISCIPLINE
HE WOULD TEACH AT A

INGLE GRADE LEVEL

DEF INE AND GENERATE
EXAMPLE OF EACH
ELEMCNT IN PROCESS
CURR I CULUM

-
— CONTENT SCOPE AND |g
. SEQUENCE FOR ONE ,
. SEMESTER COURSE
SELECT METHOD AND’
ORGANIZATION FOR
, ¥ COURSE
I —a
PORTIONS OF
NATIONAL CURRICULAR
PROJECTS
ANALYZE AND CLASSIFY!
IN TERMS OF METHOD
AND ORGANIZATION
COURSE 5 COURSE 6
DESCRIPTIONS DESCRIPTIONS
DISCRIMINATE

CONTENT-ORIENTED
PROCESS, DISCOVERY
GUIDED DISCOVERY,
PROBLEM-SOLVING

METHOD

DISCRIMINATE
CHRONOLOGI CAL,
POST-HOLING,
SURVEY, TOPICAL
ORGANIZATIONS

PASSAGE FROM ANY 2
STANDARD TEXT BOOK
IDENTIFY ELEMENTS
OF STRUCTURE OF
THE DISCIPLINE

1

- METHODS AND
ORGANI[ZATION

IDENTIFY EXAMPLES
OF CURRICULAR
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SUBJECT MATTER
OF A TEXT-BOOX -

IDENTIFY A REASON-
ABLE CONTENT SCOPE
AND SEQUENCE




D. Hicrarchy

.

Curriculum

11 hierarchy

12

Student generated
hierarchy

select optimal
testing points
and write

appropriate tests

sclect optimal
testing points
and. write
appropriate tests

establish mastery
criterion that will
maintain test
validity

. 6 Given curriculum hierarchy.
and selected testing points
write an appropriate test

4 }{ Objective 5 |fbjective § test
write a
valid test

1

3 | Objective & test

evaluate tests validity

i

test

2 staté the conditions
necessary for a valid
criterion-referenced

1 Test items*

10

}‘&u‘riculum
erarchy
select optimal
testing points

Curriculum
hierarchy and
testing points

evaluate selection
of these points in
terms of appro-
priateness, feasi-
biliiy, efficienc

student will tvaluate 7
and rewrite faulty ones

7 structured type of test in
curriculum a structured
.curriculum
34
 (Prerequisite, Unit II, Objectives)
*Multiple choice, true-false, short answer, matchifig, essay.

state purpose
of testing in

!

8

name and dellne
purpose of each




APPENDIX IV

NOTE: The following example of optimal testing points shows the structure

L]
only, not the specific objectives, in order to emphasize the general
. .
principle. This is done because, in specific instances, the testing points -
are a matter. of judgment based on the objectives themselves. However, the

optimal testing principle, used with discrimination, can increase testing

efficiency.

ilierarchy and Testing Points

' 11 v
S
10

—t—
L |

4 9
6 ~
3 - 8
5
1 2
: 7

For pretest 4, 6, 9.

For CETs 4, 6, 9.

For post-tests 10, 1l or just 11l.

For placement 1, 2, 4, 6, 7, 9. ¥




ggglanation

The testing of 4, 6 and 9 for thgkpretest wouid narrow the options
sufficiently to be an ecoﬁomical procedure. If the s&udent failed 4 he
yould starg‘&n 1. fif he mastered 4 and 6, and failed 9 he would start
. /in 7. If he~mastered 4,‘6 and 9, he would be given the pgst-test.

The CETs wouldfﬁe given for 4, 6.and 9 because they represént'B

different sub-hierarchies. Giving 10 would not indicate which of these
’3 he ﬂ%d failed to-master.” |
The post-test need only be on the finail oﬁ}ective'if’it is a
cumulagivelobjective which demands behavior that is éssentially the éum
. of all thé ‘pther objectives. Howe;gr if 10 were cumulative and 11 went ,
beyond to é;nthesis, it might be wise EfxtGSt both 10 and 11 td ascertain e
N whether the student had mastered everything to and including 10. If he
' h;d, but failed 11, he would probably'profit‘from more practicé with

different materials rather than repetition of the ‘same lessons, or the

v

final synthesis objective might be deferred.

LY
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S

. UNIT CRITIQUE FORM
(Pilot Test of Materials)

- . Unit No.

Lach of the following chcegories represents a particular aspect or
scction of the instructionallunit. "Rationale," for example, refers to the
rationale for the unit content presented at the beginning of each unit. Each
category (section) of the unit should be evaluated on such bases as whether
it was "clear,' "conciséd," "effective in its goal," "weak," etc., i.e., on
both positive and negative characteristics. Suggestions for revision should
be included using specific examples. If any particular category is not
relevant to the particular unit, omit comment. Be specific.

Rationale

Terminal objectives

/

Prerequisite objectives

Intermediate objectives

Evaluation Procedures

Pre-Post-Tests and CETS

Hierarchy

. 54 .




B Activities

SEeakers

Bibliography

Abstract/Exemplars

-

Worksheets/exercises

Supplementary materials

Class sessions

Tutorials/individual meetings




UNTT RATING SHUIT:

C & S 850 (Field Test

Design and Development of Curricular Materials

Name

—~ To assist us in irproving this instructional /) T
, unit for usc by futurc students, please take Date
a few minutes at the cnd of the unit to
complete this record sheet, and return it in ° Upit . e
the cnclosod eavelope to the UESP office. Time
The individual forms will not be seen by the vaﬁt ~ in hrs.)
instructor. on Unit )
1. Please rate the following by circling the rating number that. you.feel bLest

describes cach item:

[

Very \

Very

High High- Average Low Low
Subjcect matter rclcvancy to your own 5 4 3 2 1
interests (professionat or otherwise)
Clarity of the unit objectives . S 4 3 2 ]
Degrec to vhich the unit materials ) 4 3 2 1
provided thc inforintion nccsssary
to accorplish the unit objectives
Intcrest value of the unit materials 5 4 3 2 1
Difficulty level of the unit 5 4 3 2 1
Did you have problens with any of the unit objectives? Yes No

If yes, list the objective numbers here.

What did you likc best about this unit?

< -

What did you like Jeast about, this (including articles that were least
productive)?

Wnat specific changes would you recemnend for improving the effectivencss of
this instructional unit?

) 66
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Summary Unit Rating Sheets
Unit I (now III)

. (Instructor 1)

Very . Very

. Good Good Average Poor Poor
1
1. The subject matter relevancy
to your own interests (pro- 4 5 7
fessional or otherwise)
2. The clarity of objectives 4 7 5
3. The degree to which the objec~
tives and materials provide 1
the information necessary to z 6 3
accomplish the unit objec-
tives
4. The interest value of the .
readings 1 3 5 6
5. The assistance of self-
scored tests. to self 5 7 5
evaluation
) - L
6. The instructional value of
the exercises (if applicable 2 4 2 1
to this unit -
7. The instructional value of . -
the study guide(s) 4 { 10 3
i 1
i
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Summary Unit Rating Sheets

Unit, II (now 1IV)

. (Instructor 1)
Very Very
Good Good Average Poor - Poor
1. The subject matter relevancy )
to your own interests (pro- 5 5 3
fessional or otherwise)
2. The clarity of objectives 8 4 2
3. The degree to which the bbjec-
tives and materials provide
the information necessary to 5 6 3
accomplish the unit objéc-
tives .
1
4., The interest value of the 2 9 2
readings f
/
5. The assistance of sevﬁ—
scored tests to self 4 4 5
evaluation - /
6. The instructional vélue of
the exercisés (if applicable 3 7 2
to this unit
7. The instructional/ value of
the study guide(#) 5 7 1
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Summary Unit Rating Sheets

4
Unit III (now V) y
!
. “ VA|
~ (Instructor 1)
b 4
;o Very’ o Very
Good Good Average Poor Poor
1. The subject mattef relevancy _ ]
" to your own interests (pro- 7 6
fessional or otherwise)
2. The clarity of objectives "5 7 1
. . - . . , _L
3. The degree to which the objec- ‘ ),
tives and materials provide .
4 the information necessary to 4 6 2
A accomplish the unit objec-
i - -
tives )\5
4. The interest value of the 1 - ) 2 2
readings
5. The assistance of self- ’ o , A
scored tests to self ‘ .o 6 2
evaluation DR \
6. The instructional value of v
the exercises (1f applicable 4 7 -2
to this anit ‘
d N
"7. The instructional value of )
the study guide(s) o 5 . l 7 1
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Summary Unit Rating Sheets -

Un;t IV (now VI)

(Instructor l)‘

. - o
Very . Very
Good _.Good Average Poor Poor

1. The subject matter relevancy “%

to your own interests (pro- 7 3

fessional or otherwise)
2. The clarity of objectives 6 4
3. The degree to which the objec- A

tives and materials provide ) .

the Anformation necessary to 6 4 1

accomplish the unit objec-

tives ‘ .
4. The interest value of the

readings ' 3 5 2
S. '+ The assistance of self-
" scored tests to self - 4 4 1

evaluation . e
6. The instructional value of

the exercises (if applicable 3 3

to this unit
7. The instructional value of i

the study guide(s) 5 5 '&»

)




Summary Unit Rating Sheets
- Unit V (now VII)

(Instructor 1)

Very

Good Good

Average
I

Very -
Poor Poor

1. The subject matter relevancy
to your own interests (pro-
fessional or otherwise)

s

2. The clarity of objectives

3. The degree to which the objec-
tives and materials provide
the information necessary to
accomplish the unit objec-
tives "

4, The interest value of the
readings :

S. The assistance of self-
scored tests to-self
evalugtion

6. The instructional value of

the study guide(s)

{  the exercises (if applicable 2
' to this unit
7. The instructional value of 2
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1
Summary Unit Rating Sheet
Unit VI (now VIII)

(Instructor 1)

Very Very
- Good Good Average Poor, Poor
- 1. The subject matter relevancy
2 to your own interests (pro- . .
fessional or otherwise) 1 3 1
4 2. The clarity of 6bje:tives 3 1 1 1
3. The degree to which the objec-
tives and materials provide
the information necessary to 3 ’ ( el
‘accomplish the unit objec- )
tives : -
4., The interest value of the
readings / 2 2 1
5. The assistance of self-
scored tests to self 3 . 1 1
evaluation
6. The instructional value of
the exercises (if applicable 4 1 1
to this unit
7. [The instructional value of ‘
the study guide(s) 3 L, 2 ; 1

-




Summary Unit Rating Sheet
Unit VII (now IX) .

(Instructor 1)

Very Very
Good - Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 3 3 1
fessional or otherwise)

2. The clarity of objectives | 2 4 1

3. The degree to which the objec-
tives and materials provide

the information necessary to 2 4
accomplish the unit objec-
tives \
\
4. The interest value of the
2 3 2
readings
5. The assistance of self-
scored tests to self 5 1
evaluation

6. The instructional value of
the exercises (if applicable 5 1 1
to this unit

7. Thevinstructional value of 3 3 1
the study gulde(s)




Summary Unit Rating Sheet
Unit VIII (now X)

(Instructor 1)

Very Very
. Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 4 2 "1
fessional or otherwise)

2. The clarity of objectives 3 2 1 T

3. The degree to which the objec-
tives and materials provide

the information necessary to 2 1., 2 1
accomplish the unit objec- *
tives © .‘
4. The interest value of the w o

readings 4 2 1

\ S. The assistance of self- 4 )
scored tests to self . 3 1
evaluation . '

6. The instructional value of
the exercises (if applicable 2 3
to this unit

7. The instructional wvalue of
the study guide(s) 1 : 2 1
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Summary Unit Rating Sheet

Unit IX (now XI)

(Instructor 1) 8
: : Ry
Very Very
Good Good Average Poor Poor
1. The subject matter relevancy .
S to your own interests (pro- o2 4
fessional or otherwise)
2. The clarity of objectives 4 2
3. The degree to which the objec~-
tives and materials provide /
the information necessary to 2 2 2
accomplish the unit objec~- ’
tives
4. The interest value of the
1 2 3
readings

S. The assistance jof self-
scored tests to self 2 1
evaluation

6. The instructional value of
the exercises (if applicable 1
to this unit

——

7. The instructional value of
the study guide(s) 1 l 2




Summary Unit Rating Sheet

Unit X (now XII)

(Instructor 1)

Very

Good

Good Average

Poor

Very
Poor

The subject matter relevancy
to your own interests (pro-
fessional or otherwise)

The clarity of objectives

The degree to which the objec-
tives and materials provide
the information necessary to
accomplish the unit objec-
tives

The interest value of the

readings -

The assistance of self-
scored tsﬁfs to self
evaluatio

The instructional value of

the exercises (if applicable

to this unit

The instructional value of
the study guide(s)
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Summary Unit Rating Sheets

Unit I (now III)

(Instructor 2)

Very Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 3 2 1
fessional or otherwise)

2. The clarity of objectives 1 2 3

3. The degree to which the objec~-
tives and materials provide
the information necessary to 2 1 2 1
accomplish the unit objec-
tives

4, The interest value of the 1 3 - I
readings

)

5. The assistance of self-' ! ’ .
scored tests to self 1 1 2 1 1
evaluation '

6. The instructional value of
the exercises (if applicable 2 1 -3
to this unit

7. The instructional value of

1 2 1

the study guide(s) 2 l
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Summary Unit Rating Sheets
Unit 11 (now IV) e

(Instructor 2)

Very Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 3 2 1 1
fessional or:otherwise).

2. The clarity of objectives 3 2 2 1

3. The degree to which the objec-
tives and materials provide

the information-necessary to 1 2 1 3
accomplish the unit objec-
tives
4. The interest value of the 1 2 £ 2 .
readings

5. The assistance of self-
scored tests to self 1 2 1 1 1
evaluation

6. The instructional value of
the exercises (if applicable > 1
to this unit.

7. The instructional value of 5 2
the study guide(s) l

o T
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Summary Unit Rating Sheets

Unit III (now V)
Yy

(Instructor 2)

Very Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 3 2 2
fessional or otherwise)

¥ 2. The clarity of objectives 2 3 2

3. The degree to which the objec-
tives and materials provide

the information necessary to 2 1 3 1
accomplish the unit objec-
tives ' '

4. The interest value of the ) 2 " 1 2 -1
readings

S. The assistance of self- ‘
scored tests to self 2 2 1 .2
evaluation

e

6. The instructional valué of

the study guide(s)

-the exercises (if applicable 2 2 2 1
to this unit
7. The instructional value of - i s




Summary Unit Rating Sheets
Unit IV (now VI)

: (Instructor 2)

Very Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 2 : 1
fessional or otherwise)

2. The clarity of objectives 1 1 1

3. The degree to which the objec-.
tives and materials provide

the information necessary to 1 1 1 -
accomplish the unit objec-
tives
4. The Intcrest value of the '
readings - / 2 1 1
S. The assistance of self- T
scored tests to self 1 1 1

evaluation

6. The instructional value of
the exercises (1f applicable ) 1
to this unit :

7. The instructional value of 1 : 1
the study guide(s)
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Summary Unit Rating Sheets

' Unit IV S:By VI)
-

(Instructor 2)

Very . Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- .. , : ' 1.
fessional or otherwise) ' . N

2. The clarity of objectives 1 1 1

3. The degree to which the objec- ' ‘
tives and materials provide i *
the information necessary to ~ =~ ~ 1 1 1
accomplish the unit objec- ' '
tives

4. The interest value of fﬁ% .
2 1 1
readings

S. The assistance of self-
scored tests to self ‘ 1! 1 1
. evaluation

6. The instructional value of o : §
the exercises (if applicable ' ‘ 1
to this unit

7. The instructional value of
the study guide(s) o ' 2




Summary Unit Rating Sheets .
~ " Unit V (now VII)

(Instructor 2).

Very Very
Good Good Average Poor Poor

1. The subject matter relevancy
to your own interests (pro- 2 2
fessional or otherwise)

2. The clarity of objectives . 2 1 1

3. The degree to which the objec-
tives and materials provide
. 1 2 1
the information necessary to
accomplish the unit objec-
tives

4. The interest value of the
readings

5. The assistance of self-
scored tests to self ' 1 1 _ 2.
cvaluation

g

6. The instructional value of
the exercises (if applicable 1 1 ' 1

to this unit . .
b - L

;, 7. The instructional value of 1 1 1 1
the study guide(s) ’
x R i N ]
~ . /
\- . -
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MEMO TO: Doris T. Gow /

FROM: Diane J. Davis
_,DATE: IDecanber 6, 1973 | —
SUBJECT: - PIc TMining Materials.

—

As a sfudent who has completed training in the design and development
of curriculgm through the use of your materials, I would like to share
with you some qf my impressions concerning those materials.

I feel ghat one of the most 1mp8ftaﬁf'hHéracteristics of the curriculum

is the way:in which it is organized. The individual curriculum units have

enabled me to use these materidls extensively as a resource in my continuing

. ®
work as a curriculum specialist. I am currently employed in this capacity

;t the University Extérnal Studies Pr&gram and my work .there involves assist-
ing faculty members in ﬁreparing individualized structured materials for use
py adults studying indepen&ently at home. It has been extremely helpful to
me to be able to'rgfer to these mﬁterials whenevé; we are faced wi;h a
partigular developmental proBlem.

Anothe; aspect'of the materials which has been éxtremely helpful in
this sense 1s the use of primary éourcép in the reading material, It is

helpful,'when p}eparing any curriculum ratior.ile, to bé.able to refer to

these sources in identifying o« defen&ing a particular appropriate strategy

. or procedure, for exampie.

»

My ‘own training, through,the use,of these materials, has proven most
effective for my current responsibilities as a curriculum specialist here

at the-External Studies Program. I have been able to usebmy skills in cur-

S
-

riculum development to assist our faculty in designing courses that have lead

L el .

"to student success in this Program. The use of these materials for graduate

86




Doris T. Gow ) .
Page 2
December 6, 1973

students in this Program illustrates the wide variety of both student interests
" and studenéﬁchafacteristics for which the materials are applicable. Although
my own background was not specifically in the field of education, I was able

to use these training materials sﬁccessfully to achieve skills in designing

and developing curricular materials.

ey




Nick Laudato

The effectiveness of the R & D Training Program c%n best bé evaluated
through an analysis of its constituent parts and their interactions with «
one another. For purposes of simplicity, let us view the program as the
sum of three components: I) The materials, including the unit materials
and readings; 2) The interaction sessions including those between the
students and staff (classroom meetings) and thoée aﬁong students only
(group activities); and, 3) The practicum and internship experiences.

Each of these contributed in hnique ways to the program as a thle. The

last two compoqents, for example, will invariably differ éarkedly'in’;heir

gontributions and value for every group of staff and étudents and for every

ind{vidual. Converéely, the materials uﬂéuld be transferable td other situ-

ations with little difficulty. Each component shall thus be examined f«

individually. ' |

. The materials were-to a large extent individualized. In this form,

they provided an excellent framework from whicﬁ to pursue the study of,

boph the basic principles of sound curriculum developmént and also of

specialized fields of indiyidual interests. Perhaps the most valugble-

aspect of the materials, héwever, was the manner in which they were organi?ed

and in which the content was sequenced. The process of transition from oﬁe

state of knowledge t; tﬂg next, more'sqphisticated state was orderly and
"relatively smooth. There were, of course, at first many frustrating moments

as enthusiastic students desired to quickly comprehend the intricacies of

what 'was only meant ‘to j)e an overview of things to come. A%ter' aﬁtgining

a more global picture, beginning again in detail was mosﬁ instructive. In

retrospect, the mammer in which knowledge aqd sgills,were slo&ly built upon

one another was remarkably efficient. Finally, a great'deal'was/iéarnea froﬁ

v
~

o%serving the manner in which the’materials themselves were developed by the

\\f\\ .2£23A . | ‘(//
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staff and from participating in minor ways és a group in an attempt to play
.a ﬁore active role in our own edycation.

A reciprocal relationship segmed ts exist between the materials and
the interaction sessions. For one, the clgséroom and group meetings certainly
enriched the materials greatly. It seems, however, that the quality of the
materials and their organization enabled the meetings to be as effective as
they were by providing a solid, informative basis for discussion and debate.
Basically, the interaction sessions provided a format in which the validity
of newly acquired ideas and concepts could be tested and organized into
coheéive statements of{educational philosophy and method. The interaction
session, along with th¢ internship experience, also allowed for previously
acquired knowledge to Be placed in a more realistic context.

The internship experience was something of a crowning touch. It was
the only logical culmigation to months of preparation: The chance to test
our abilities "on-Iline}" It provided the essential opportgﬁlty to synthesize
previously learned knoyledge, concepts and skills along witb those necessarily
acquired in the particglar, specialized internship. The internship also
provided possibly the best test of the materials. In this respect, I believe

the materials were rsuckessful.
AN

In conclusion, I consider the most interesting and rewarding components
X,
to be the interaction sessions (especially group) and the internship, but
+
the most essential to be the materials themselves. All three components

were indispensible in making the program a most successful enterprise.
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MEMO TO: Dr. Doris Gow

FROM: S. Claire McCormick ‘}

DATE: December 10, 1973 o - . -
SUBJECT: Report on Experiences in Program 2: éurriculum Development

Program 2 (The Curriculum Design Course) answered a need which I had

4

felt in trying to initiate change toward a more individualized learning envir-
omment in two different small high schools. Implementing new forms of
scheduling was comparatively easy t6 manage, but assisting teachers in planning
really individualized instructional sequences was a challenge 1 felt I was

not quite meeting. It was gratifying to me ‘to find a program which met this
need, and also took me beyond into the area of invention and design of new
forms of curriculum.

There are three chief benefits which E gaineq from participaﬁiné in the
first year's training. First, the materials presented in the individual
learning packages, taken as a whole, integrated new knowledge derived both
from educational psychology and educational research as this knowledge
applies to curriculum design and development. The systems model of curriculum
design developed in this program is invaluable as a new way of looking at
curriculum.

Second, the mamner in which the units were constructed and the types
of exercises included forced me into a more analytical way of thinking than
I had bepri accustomed to use. This was good for me.

Third, the experience of doing individual p?%jects and grgup pbojects
was also good in that it encouraged independent exploration of a problem.

I could not have produced my internship project without the prior training

afforded by our program in curriculum developmént.

90
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Doris Gow
Page 2
December 10, 1973

Finélly, I believe that Ourlinstructoys who designed this program are to
be commended for piloneering in the development of learning packages on the
graduate level. Also noteworthy is the fact that we as students were exper-
iencing the kind of learning situation for, which we were being trained to
design and develop matefials. This program hag served to further define an
area which is beginning to emerge as a discipline itself; namely, the tech-

nology of curriculum design.

ge,
—




) T. Whiting

My R & D Training

Before coming to the University of Pittsburgh as a graduate student in
the R & D T?hining Program, I had been working as an educational coordinator
in a program where one of my major responsibilities was that of designing
and implementing a curriculum for high school dropouts. I came to that-job
with only the experience of a secondary social studies teacher. I had had
no training or experience in curriculum development. During that year, I

+ examined many curricula designed for secondary students and based on the
needs of the students in the program, I put together bits and pleces from
these curricula and made a new one. To my amazement this "cut and paste"
curriculum actually worked for those students. However, I was dissatisfied
with this method of curriculum making and was really interested in learning

’ )
how to deéign curricula. The R & D Training Program offered me the oppor-
tunity to acquire this skill. ‘

A systems approach to curriculum‘devglopment was offered to the students
in the R & D Program. The significance of this aﬁproach~was the idea that
curricula should be designed and developed based on specific }nstructional
objectives which, when met,\can.be objectively evaluated to measure their
instructionalleffectiveneqs. Through pre-testing the student can enter the
curriculum at his present level of competency, and, 1if the instructional
thhods are lneffective, feedback is provided into the system to help
re-evalgate 4nd correct the instructional process. This approach no longer
places the responsibility for learning or "mislearning' on' the student but

places the responsibility on the instructional material{(s) designed to

translate the objectives to the student.

Over‘.ge past 2 1/2 years, the R & D Training Program has provided me

92
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with many valuable educational experiences. The most valuable experience was

that of working as an intern with Dr. D. Gow on an experimental social studies
>

curriculum for third graders in Frick -School. Frick is an inner-city elemen-

~

tary school and my interest was focused on curriculum develoﬁment in the

affective domain for the urban elementary“gchoél child. Dr. Gow's social

studies curriculum encompq?sed both the cognig}Ge and the affective domain,
-

_/utilizing\z?cial science coniepts and methodology to approach the affective
area of learning. AThe internship provided me with the opportunit;k;o apply
many of the theories and skills taught in the first year of the program, and
to observe first hand the results of their use. Working on the social studies
curriculum also allowed me to practice my belief that curricula should not
be developed in a vacuum, but with the designer in close contact with the
faculty and studenté for whom the curriculum is being designed. The desién
and development of a curriculum is a; times a slow process which requires
patience and I learned to be more patient and not to expect gvery;hing to
fall ipto ;lace‘at once. Since I was working in an urban elementar& school,
I algo had to learn how to cope with many of the problems which arise in
such a system. But, the gréatest reward came when obsérving how well some-
thing worked when it was used to teach®a concept to a small child, something
that you had helped to create. Curriculum development is at best a skill
which requires time, practice, patience and ingenuity to acquire. The R & D
Training Program provided_me with‘the opporggnity to begin to acquire and
practice this skill and it also gave me the incentive to develop more ideas

N

. for futher research into the area of curriculum development in the affective

‘domain.
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FROM .

DATL

UNIVERSITY OF PITTSBURGH

Doris T. Gow

. " /' .
/
Samuel Deep, Director, University External Studies Program \¢/52441/ QE;ZL27C57

December 5, :1973

SUBJEC.T

. \ .
Diane Davis, a student from the L.R.D.C. Training Program in
Curriculum Development, has worked as a curriculum and instructional
specialist with this Program since its initiation in the Fall of 1972.
As Director of the Program since February of this year, I have been
able to observe and evaluate her work here in terms of the effectiveness
of her training for the type of curriqulum development required by this

Program.

The University External Studies Program provides cgﬁlege level
courses based on individualized -tructured materials, for independent
study by adult students who are unable to attend regularly seheduled
University classes due to such things as geographical location, or job
and family responsibilities. The curriculum and instructional specialists
in this Program are required to work with faculty members to assist them in
designing instructional materials which are appropriate and effective for
the students we serve. This wor. requires such skills as:

Analysis of Cours- Material in three areas:

-Component Analysis’ \
-Content Analysis
-Concept Analysis

Evaluation of appropriate instructigial strafegies \\
2

Coordination of Development of Goals,' Objectives,
Text, and Testing Materials ngxh diagnostic and
evaluative) =

Preparation of Instructional Strategies
for On-Campus Work-Shops l ‘

Analyze course evaluation and develop strategies
for change when considering revisidn.

Analyze changing studentqneeds as-éhéy apply to
course development. ){ i

Analyze professional skills using:fiedback from:
-faculgy '

-staff colleagues
-student\evaluation of courses

) 794




¢ ' .

Continuing exploration of new instructional strategies
as they apply to curriculum development.

Assist students who have problems with instructional
materials.

Diane's formal training in curriculum has come solely through
the L.R.D.C. training Program and the PIC model. This training has

proven extremely effective for meeting the instructional goals of this
Program.’ '

SDD/pk




Copy for Diane

~ h ‘ T
FACULTY OF ARTS AND SCIENCLS _ e
. UNIVERSITY OF PEFTSBURGLHE ) . .
PITTSBURGH, PENNSYLVANIA 15213 -

D

OFFICE OF THE DEAN o h R
25 May 1973

s Dr. John L. Morgan . i
LRDC
8th floor, LIS Building

N >

)
.. f P
b

* " Dear Dr. Morgan:

I am pLeased'to

'1te‘to\§:u about Diane Daviad

Ms. Davis hai helned me injmany ways in the 1{
several External Studie& courses that I have taught. ;
-'Her 4ideas about! curricuwum, btudy guides, ‘and arrange
ment of materials have ghriched my courses much. She
has been most cpoperatize in dding a wide range of
assignments in pustainipg a medningful relationship
with the stydents. Without her help, the burden of |,
handling thdse icourses, as well as their effectivenes H
would have been lessendéd materflally. TI

> . S - )
- " ‘
i

T
1

-

oo Sfncerely,

Q hv&‘/z .
uben E. S es nger
Agsociate Dean and

- Profesgor of Econ'dmics

|
|

‘ .

. - I, | ‘
|

|
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e LEFARNING RISEARCIE AND DEVETOPMUNT CENITIR

) -
/1Lf g 2T UNIVERSITY OF FUEURGH FEVISHURGH » FENNSYLVANIA 25003 15260
\ — ~r‘_ /,7 . f
- UNIVIRSHEY DRIVE

al-621-3300

: MEMORANDUN .
‘ 4
% 1]
TO: John Mergan
FROM: . James Holland o -
DATE: 8 Junc 1973 , ~—
A~ . 4 = :
SUBJECT: Recommendation for Dianc Davis

L4

»  Last ycar Dianec carried out an independent rescarch project with me.
The project required the implementation of our pre-school skills work
in Eriek School. This gave me an opportunity to observe Dianc's skill
in an unusually wide ranpe of attibutes. She had to provide liaison
betveen the lab  and teachers in the school, had contact with the
students, had to svstematicallv collect data, take part in conferences
with the school administration, LRDC faaulty, write up a careful- -~
evzluation of all problems found in implementins the program. Dianc
proved to be a thorounhly capablc profecssional in all aspects of her
work. She showed preat resmonsibility and inftiative in handlinpé%his
projcct. She proved to bé a sensitiv critical ohserver and kcéf
thorough protocols; she was able to handle the rather difficult problem
‘of vorking with so many diffcrent peqple having so many différent
objectives. All in all, I am thoroughly confident in Daine's ability.
to make important contributions to educational development. She is N
also a pleasure to be around and the kind of person I would welcome as '

a collcAgue.

JGH:Th




LEARNING RESEARCH AND DEVELOPMENT CENTER

“) UNIVERSITY OF PITTSBURGH *PITTSBURGH *PENNSYLVANIA 15213

i DIRECTOR: 208 M. 1 BUILDING ‘
LABORATORIES: M. ! BUILDING m”
ADMINISTRATION. 160 NORTH CRAIG STREET , 624-4884
kg r
MEMDO
- »
\ ' . ”
R £l )
TO: Doris Gow e - '

FROM:. Dick Roman

)
y(/(,/P
DATE.: December 3, 1973

RE: Nicholas Laudato's Training : .

Nicholas Charles Laudato interned with the Computer Adsisted
Instruction in Problem Solving Project after he was trained. At the
time he joined us he had no previous computer experlence and o direct
instructional experience except what he had learned in the R & D pro-

-

’ ram. The specific skill required to write and evaluate computerized
instruction differ in many particulars from those used in more tradi-
tional curriculum, and someone trained specifically for other media. v

often can not make the transition easily. Nick's training however
was immediately transferred to the new situation; I believe that
speaks highly for the R § D program as well as for Nick himself.

"The specific skills N1ck brought with him 1nc1ude

the ability to observe and describe the act10ns~\

students took on a computer progmam. He.was able o

.to separate what he saw from what he inferred. '
—~ _:: . o -
. the ability to diagnose difficulties in lessons '

‘ accurately and make moderate interventions with the
students to correct the difficulty.

+ the abiljty_to do task analysis”on specific objectives
oo and design curriculum that fit the constraints of the
N o available instructional paradig:s.
the ability to generate several .alternative solutions
to an instructional problem and to choose the best
alternative to achieve his goals.

—_—

I believe that the year of training Nick received provided him,
with extremely useful skills and concepts for work in the area of
curriculum development. @ '

RAR/met q 8 'Y 4

EMC attachment * : |
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LEARNING RF.SEARCH AND DEVELOPMENT CFNTER
UNIVERSITY OF PITTSBURGH PITTSBURGH - PENNSYLVANIA 15260

TO: Doris Gow J ﬁ}yﬁé
FROM: / Isabel Beck Qm

’

L3
DATE: December 4, 1973
/! .
RE: Sister 'Claire McCormick's Interfship with the Reading Project

Sister Claire McCormick was an intern with the reading Project of
LRDC during the fall and winter terms 1972-73. fe LRDC Reading Project
is currently involved in the development of an individualizéd-adaptive
reading system for the primary grades, known as the New Primary Grades
Reading System (NRS). Sister McCormick became associated with the Reading-
Project when approximately one-third of the new reading system had been
developed. She quickly demonstrated that she was extremely well-versed
in many aspects of instructional design.

As a summer project prior to becoming an intern, Sister McCormick'
prepared an indepth analysis pf some of the instructional materials
contained. . within certain levéﬁg of NRS. She analyzed the NRS materials
for strategies of instruction based in research. In order to carry out
_the analysis, Sister McCormick developed a model for evaluating the audio ,
lessons which included: 1) inducing the behavioral objectives from the
instructional materials, 2) inducing the cognitive -skills required to
‘respond to the materials, and 3) analyzing the individual frames or groups
" of frames for stimulus, prompts, response, and management elements. The
purpose of the analysis was to provide the evaluator of curriculum
materials with enough information to determine the quality and intensity
of learner interaction required by the materials.

.4
As an intern, Sister McCormick became involyed at various times with

almost all the. aspects of the. continu&ng development of NRS. ~“She designed
cassette response pages and wrote the accompanying audio scripts; she
wrote independent seatwork which follows the ¢dAssette lessons; she wrote
read+alone stories and designed games, the content of which corresponds
to specific instructional levels of NRS; she observed NRS being used in
developmental classrooms and taught certain lessons to the children-in )
these classrooms. And, like s11 Reading Department staff members, she
assisted with anything that needed to be done to facilitate the develop-
ment of the program, such as proofreading copy of the children's workbook
pages and checking audio cassettes. Sister Mctormick was able to fit her
individual assignments into the perspective of the developmeént of the
total reading system. !
It was clear from the results demonstrated while she was an intern
that Sisten McCormick had received excellent training in curriculum design
and development, and that she was well-wersed in the theories of instruction.
Her work on the Reading Project showed that she could translate the theories
she had learned into the development of an actual program.

99 *
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Appendix D

Sample Student Work
o
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. »
- . A description of a portion of Digpe Davis'
work as an intern at the University External

Studies Program. This was presented by Diane
at the AERA Meeting in New Orleans, Feb.,
1973.
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, THE DEVELOPMENT OF AN INSTRUCTIONAL DELIVERY SYSTEM EOR,
E'XTER.NAL STUDIES IN HIGHER EDUCATION
/ .
Johfi L. Yeager § Diane J. Davis
2
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& 'd

. Univer3ity External Studies Program
School of General Studies
Q‘University‘ of Pittsburgh

‘ s R

Presented at AERA Annual Meeting
. February, 1973 - New Orleans
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THE DEVELOPMENT OF AN INSTRUCTIONAL DELIVERY SYSTEM FOR
EXTERNAL STUDIES IN HIGHER EDUCATION

John L. Yeager & Diane J. Davis
5
Background

The estabdishment of non-resident educational programs in higher educa-

¢

tion has been receiving an increasing amount of attentlon in an effort to meet
the diverse educational needs of the American public. Although a number of
prototype systems exist that provide such.1nstruct1on, thefé have been few-
attempts.in this country, to develop non-resident educational systems that in-
clude both a flexible delivery mode and quality.instruction. The-primary re-
quisites in the dfvelopment of a non-resident educational program are: (1) that
a de11very system be developed that has the characteristics of low Zost, wide-
area distribution and be available to the student on demand, ¥2) that the pro-
gram insures that the content beipg transmitted is of high academic quality,
(3) that the program provides for student motivatjon, and (4) that alternative
learning modes be made available to accommodate individual student learning
preferences.

the University External Studies Program (UESP) at the University of

Pittsburgh began with the assumption that there existed, in Western Pennsylvanig,

certain individuals who.had not been afforded access to higher educational
opportunities. Fhe purpose of the External Studies Prograﬁ is to provide ex-
tended educational opportunities to those segments of the population that are
currently denied access to undergraéuate and graduate instruction because of
geographical and situational factors. .That is, there are at present a number
of individuals who-cannot avail themselves of thc opportunity to pursue higher
education because of such factors as commuting distance to and from an insti-

tution, family responsibilities, physical handicaps, and\work situations such

103 o :
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as those entailing irregular schedulés. In addition, therc'érc individuals who
wish to change positions or carecrs and desire to obtain ncw crcdentials or to
further their education and yct must simultancously maintain and support théh-
selves or other individuals.

’ Central to the dcvelopment of a program designed to meet thesc indivi-
dual educational needs, is the specification of a delivery system for the
dissemination of instruction. This delivery ''system' consists of the instruc-
tional delivery modecl and the instructional support systems. The "instructional
delivery modcl,'" then, refers ﬁo the curricular methods, mode, and meéia chosen
for transmitting the course contcnt. There is an interacting relationship
between thc characteristics of the instructional delivery system and the goals
of the external program itself. That is, a number of specific assumptions are
derived from the philosophy and goals of an external study program that act to

limit and define the parameters of the delivery system itself.
-

1. The system must be flexible in terms of its
accessibility and state of 'readiness' or
availability to the learner at any given point
in time. ‘ v

2. The system must permit the student to assume
a great deal of independence and responsibility
for pursuing specific learning goals.

3. The system must provide instruction that is

adaptive to the individual needs oft the learmer.

Each of the delivery modes described below, combined with the support
systems discussed later, constitute a separate type of delivery system that
the UESP Program attempted to implement and éxamine. ’ .

It is within this coptext'that the University Extcrnal Studies Program
recruited faculty members who, together. with the Program staff, developced and
offered five external studies courses which were the equivélent of on-campus
courses and which represented four alternative instructioral delivery modes.
Each system served as one means for atté@pting to meet thc diverse instruc-
tional needs of the UESP students. The Program was able to obtain background
data for 121 of the 153 wﬁg enrolled in UESP courses during the initial offer-

ing. An analysis of this background information shows that these students

/
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ranged in agc\frnm 19 to 55 and thc majority did have cmployment or family re-
sponsibilitigs which prevented them from attending regularly schedulced on-
campus classcs. The rcasons, as the students listed thcm for prcferring 1s
type of study to trnd1txonal classes included the following: family responsi-
bilities, work schedules, time conflicts with regular classes, and travel 1ncon«
venience. Less frequently mentioned were health and parking.
) /
THE DELIVERY SYSTEMS

General Characteristics

One of the primary goals of this'External Studies Program was to develop
a system which was easily accessible to the student at any point in time.. It
was for this reason that written, self—instfuctional materials were chosen. as
the primary medium for the delivery of external studies courses to these stu-
dents. Written materials have the advantages of being readily accessible to
the student at any time and of being adaptable to the individual needs of the
learner as well as to a wide variety~<of content. In addition, they are rela-
tiveiy inexpensive when compared to the other media and can be uséd indepen-
dently from any other media. -“ '
) For this Program, the individual faculty members were requested to de-
velop self-instructional materials or to select from written materials already
available in their field. They were assisted by curriculum specialists from
the UESP staff and all materials were extensively re&iewed before being dis-
tributed to the external studies students participating in the Program. The

four types of delivery medels developed are as follows:
1. Television with Supplementary Materials o

2. Programmed Instruct1on with Supplementary
Materials and Readxngs

3. Reading Lists with Summaries and Supplementary
' Materials

4. Structured Curriculum based upon a Process Model
for the Individualization of Curricula

In addition to the curricular packages, based on each of the four

delivery models, each system included the following supplemental support systems:

g 105 |
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An Advisement-Counseling System. The function of this system wasrgg

provide the student with advisement and counseling’personncl who could assist
them with personal or p;oﬁgssional counseling nceds. The main portion of this
service was provided through the staff of the School of General Studies which
included personnel specifically trained for these purposes. In addition, the
UESP sysiem operated primarily in providing the éollcwing kinds of supportive
assistance:

a. Information concerning UESP courses and the award of
formal college credit. '
y’)

b. Procedures for registration for UESP courses and assis-:
tance when special registration problems arose.

c. Assistance with difficulties in achieving course objec-
tives and procedures for extending time limits to meet /
external pressures; encouragement when students encoun-
tered problems.

d. Providing a student manual containing inf¢ isfi on
how to study independently, as well as a map of the Uni-
versity indicating special resource areas and a list of
courses to be offered the following term.

A Communications Support System. It was recognized By the UESP' staff .

that since the student was primarily engaged in independent study, there was
a pressing need to provide alternative ways by which the student would have
access to the faculty and Program staff. The communications support system
provided the student with the following means for communication:
a. Telephone communication - Students were given specific
numbers to dial in order to reach the course instructors,

the UESP staff, or specifically appointed teaching assis-
tants who could assist them.

, b. .Student maileff - The students were provided with self-

‘ . addressed forms which they could use for mailing in ques-
tions to the course instructor. There was space for the
instructor -response- and students received an answer in as

"little time as possible. .

"c. Newsletter - Students received a newsletter four times
during the term informing them of special dates and
‘events which they should be aware of or which were rele-
vant to their course interests. ; ' ;

S ) 106




d. Special memos - Special mecmos were prepa}ed and majled by
the UESP staff when an instructor wished to make a special ~_
announcement to his students.

A telephone answering service, originally scheduled to be installed in
time for the first term, was not delivered until the end of that termyand had

to be postponed for use in the following term. .

Instructional Interaction Sessions. In order for studcnts to bc able

to meet and interact with the course instructor and with the othersstudents in
the course, three interaction sessions were held during the term. These
sessions were held on campus on designated Saturdays. The sessions were used
primarily for lectures, group learning activities, formal testing, and to pro-
vide an opportunity for the student to ask questions and to get to know the
other students. Program staff members assisted the instructors when necessary,
serving as proctors or discussion leaders.

When a studenf'could not attend one of these interaction sessions,
as appointment was made with.the instructor to enable the student to make up
any test missed, and to provide him/her with relevant information discussed
at the session. Special reports on the interaction sessions were sent to

absentees.

Specific Characteristics of the Four Types of Instructional Delivery Models

Each of the four instructional packages had some type of written
materials ranging from reading lists and summaries to highly-structured ex-
plicit learning modules. At the same time, each contained components that
were unique. The following is a brief description of each delivery model
and its packaging format, (See Table 1 for components of the various
packages.)

Type I- Television with Supplementary Materials. One of the five

initial courses, Law and Morality, was composed of televised lectures and

presentations offered through the Sunrise Semester along with supplementary

books and instructor-written lectures which were designed to assure that the

student was presented with all the materials necessary in order for him to

B

meet the course objectives. .

107 - A




sad{] wa3lsAg 1no4 3yl jo ydes 10j Ivwioy 3uide,deq e
. a;
1 378Vl —
! /
i
(uotsiazadng § umnd>11IN))
1 X 1 x X X b x | < [ x x| x [ x x| x|x|x|]a|x s . :
J1d uo paseq
STBIJI93BW PainidnIig-Al IdAL
. X % x X X % (A103STH) SsietIalew
A
{ Axejuswaiddns § satiemums
: Yyatm s3st1 Burpeay-I11 IdAL
(S5TWouoog)
1 2 X X x | x x | x| = | x| x| a sietrxajew § s3uipeax
Axejusuaiddns yatm uotl
- r -oni3su] paumexdoxd-J11 IdAL
, (A3t11ea0K puUE rqu
X X x | x [ x ] x x | x i
1 [ X x * stetadiew Axejuawmald
" | -dns y31m uorsTA3TAL-| AL
- -
o adAL Axaatieq
oo
n
m [\ b
> )
& [ -ed (-]
0 [ - ) -« 0 — 17
o | & & - e v | o | 3 o
w | o3 ) o | > v | D -
&~ -~ & &~ et b Bal o [} n Cal (-]
n ~ 0 LU S L o L & &~ P =4 = L o —t
[o} W [ ) (7] ~ © 1% [ 3] o (%} o
Q. bt ot Lo Q n [ (o} wn - [} [
k3 =} —rt [\ — (8} L d -~ o =
%] . (R ) a- I O o (Y - LD = (5] L ol (=]
m [ O Q9 © -ed o | o] Y] o L Bl
bt o - X Y] o) > 0 (-] [o] - bt [+] + -~
& x [*} e w o w - =] ¥ - - o0 | -~ -~ - — (¥ '8}
v w) - (8] (S 00 | U B Bl (6] [3] b= = 5] 15 o © ] =]
o w v | D) E | nad |~ “|lol=leija] = el o] <
- b [ ) b > o [} ] > o Q m o | %] | .W. ct ¥ [«
] Q -~ L Lo o o [ °© L~ b Ko, - Q m o] o]
" L [ — n o ] —~ v =} ] [ ] - M -~ =} 3] &
O - el (Y] = > [ Q - [} & e et [} L] = Ll Y o! =
[>S o o v — O (-4 v 32 b= v I . [ o = et 17p) & (S W)
o
UoTIBNTEBAY sjuauoduwo) ITUM apINg 3sino)
< . .

Q

IC

E

22

Aruitoxt provided by Eic:




.
-~

B
The student was presented with matcrial initially designed to be

suppieme;EE?y td the televised preSCntat1ons Dur1ng the. design stages of
the couree, it was expected that the productlon center would forward detalled
information concernxng the topxcs and ‘information to be presentcd on the
televised lecture series, as thxs 1nformat1on had been requested during the
initial stage of -development. The 1nformat10n actually received, however,

was less than adequate for use as a basis for the desxgn and development of

a well-organized course in Law and Morality and it was soon realized that the .
televised lectures would'hdve to serve as supplemental content and that the
1nstructor would have, to develop and present materials- which would provide the
student with the information necessary for meeting the objectives of the course.
The Sunrxse Semester lectures did, however provide the student with another

frame of reference for the course and offered contact w1th ‘the general content

5

- area. ’ . . v
- B - .

Type II - Programmed Instruction with Supplementary Readings and

Materials. A second type of delivery model, represented in the Introduction
Aaterlall

to Economics course, was based upon a programmed textbook with supplementary
readings and materials. This suppLementery'reading consisted of a textbook
which accompanied the programmed text. There were no instructor written lec-
tures specifically designed to meet the stated course objectives. -
This course depended almost entirely upon previously compiled textbooks

and required a minimum of developmental time for the instructor since only a
few instructor "handouts' were prepared. The instructor's greatest-task, in
this case, was tb organize specific assignments and statements of objectives.

’ Type I1I - Read1ngg£15ts with Summaries § Supplementary Materials. A
third type af model was pilot tested in a History course entitled "The Decline
and Fall of Modern Europe," offered by the UESP Program. This course consisted
of thirteen books which the student; were required to read, plus instructor-

written sumaries and study questions. The answers to these questions were

not mailed in by the students and were not self-graded so that students re-

ceived ve}y little feedback of their Nrogress, other than that received at

the interaction sessions, befdre being required to take the-final eéxamination'.
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. Type 1V —~Structured Curricular Matcrials ggscd Upon a Process Madel

for the Indivigualization of Curricula. This course in Curriculum apd Super-

vision was based upon a prgcess model for the desxgn and development of curri-
culum developed at éhe Learning Research and Dcvelopment Center at the Uni-
v versity of P1ttsburgh This. is a highly developed research-based model repre-

senting a process for individualizing- curricula through structured materials.

This is the most highly structured of the courses offered as it is
based upon a specified model for curriculum development. It is very expl1cit
in terms of student objectlves and student procedures. The couree provides a
pretest for identifying the knowledge which the student may already have, and
offers alternatives within the curriculum for meeting the individual goals of
' the student, for example, students are directed to certain readings if they
are not interested in that partlcular area. The curriculum attempts, first,
to prov1de the student with the knowledge and skills necessary for branching
out into spec1f1c areas, and then to provide alternat1ve content SO thaﬁ he
can apply the knowledge and skills to his own 'field of interest. In add1t1on,
the student is prov1ded w1th a means for evaluating his own progress through
curriculum embedded test1ng for which answer keys or response criteria are
. p;ovided which enable him to evaluate his own responses to the criterion

referenced test items. .

Comparing the Four Delivery Types

Although it is difficult to attempt to cempd*e these different delivery
models, since they are within different content areas and are designed and
offered by different faculty members, one can examine the similarities or
differences among the various types of presentation. As mentioned earlier,
all four had a written instructional component. Type I incorporated another
kind of medium--television. lhe major difference, however, among the various
kinds of delivery was the degree of structure and specificity. While the
History course, Type 111, offered minimal structure in presenting the student
with a book lisy’and some géﬁeral direction, the Curriculum and Supervision ;
course presented the student with specific objectives and step-by-step pro-
cedures for achieving those objectives. The televised Law and Morality course

and the programmed Economics course offered some degree of structure--more

than the History course but less than the C&S course.

110
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. The.only'other major difference among the four instructional delivery -
nodels is the amount of self-evalGation provided for in the materials  The
C§S course, Type IV, contains self-scored curriculum embedded test items as
well as self-scored ﬁosttests, None of the other courses presented the stu-
dent with so much opportunity.to ¢valuate his own progress throughout the
course. The Law’and'MoraIity course, Type I, did require the student to mail
in answers for case studies\presented within the,units; but these were faculty
graded and served as a partifl basis for the student's final grade.
' Another means for compadring the courses might be to examine the student
performance for each of the instructional delivery systems as a whole. (See

Table 2 for student grades.)

) . TABLE 2

. Final Grades for Four UESP Courses
v ' - ;

y Course A B G D E G* Total
Law § Morality (Type I) 3 3 2 o ‘o 7 ~-15
Economics (Type II) 6 13 1 0 1 21
History (Type I1I) 2 5 9 0 0 117
Curriculum & Supervision . )

(Type 1V) 10 4 3 0 0 8 2

TOTAL 21 25 15 o 172 78

*The "G" grade represents an incomplcte grade and was administered by mutual
agreement between student and,instructor to aliow the student additional time

. to complete the course work. This was an alternative to allow for student

time ‘flexibility based upon his individual needs and responsibilities.

A

~

Student Reaction

N
\ Generally, the student reaction to all four types of instructional
delivery were positive, with all but one student ‘(a History student) indi-
cating that they would be interested in taking another UESP course if it were

offered in their field of interest..
© It can be noted that many of the students in the Type I, II, and 11T

courses suggested the addition of components which would let? a greater

»
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degrce of structurc and direction to thcse courses. Statements such as "Not
knowing what points the 1nstructor is strcssxng," "'more scssions to help me
"correlate the ideas and information into a pattern,' "I feel we need more
directjon," etc. indicate that these students were somewhgt“confused as to the
direction  in which they were supposed to progress with.tﬁc materials. In
_courses which did not offer instructor-written materials (Type II,espeeially)
‘many students com‘EEBed on the need for this type of communication. Since
these students do not have ‘the opportunxty for classroom lectureg, where they
could pick up such things as ‘instructor emphases and poxnts of specxaf interest,
this information seems to be greatly appreciated within the course materials.
These kinds of cues assist the student in identifying learning objectives and >

testing‘points and are in that sense an important learning aid.

Many of the students indicated that a major advantage to this type of
study was that they could study when and where they wished and they always had

the materials on hand for review when necessary. ie Law and Morality (Type

{

1) students, however, did not have th\e convenxence with the televxsed lectures
since they were presented only once and there was no’ alternat1ve time schedule.
This proved to be disturbing and inconvenient to some of the students as indi-

cated by comments on their course evaluation sheets.*

Faculty Reaction BN

As a rule, the individual faculty members seemed confident that the
students had met ehe course goals (implicit er explicit), although’ they recog-
nized weaknesses within their own types of instructional delivery. fhe History
professor, for example, noticed that his sStudents seemed to request additional
direction and at one point commented that he had been asked to hold an addi-
txonal interaction session to assist the students. " All of the faculty mem-
bers seemed to recognize the value of some of the structured components for )
- the packaged materials. They recognized that, for the external studies student,

a certain amount-of direction must be present within the materials since they

are required to meet certain course goals.

Ld

*For purposes of program evaluation, the student was asked to fill out course
rating shcets (2), as well as unit rating shéets and background information

forms.
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Resources -

In examining these four alternative faormats, it is necessary that

attention be given to the managcmcnt effort and costs expended in developing

and offering each course Although it is not possible to specify the 'real"
cost of each course, an asgessment can be made which indicates the relative .
cost of ‘each gourse in terms of U%%B costs,faculty effort, commercial develop- .

ment cost and studént costs. Thesé relative costs are presented in Table 3.

~
>

o

N ' ’ TABLE. 3

N Redative Distribution of Costs by Course v
. S v ~ Faculty - Student .
Course UESP fort Commercial Costs
Law § Morality (Type I) Moderate .High Higb . Low
' Econbmics (Type 2) Low " Low Moderate Low
_ History (TyRs 3) Moderate Moderate High' High
Curriculup & Supervision High - High Low Low
(Type 4)

)

\ B .
: jﬁ UESP coSts refer to those costs that are associated with providing
e

chnical developméntal assistance to the faculty, production costs, and the
general admxnlstratxve support requxred to coordinate and manage the course.
Since the Curriculum Design course based on the structured- curriculum model
involved the greatest volume of technical material, it required the greatest
amount of UESP resources. At the other extreme, the utilization of commer-
cially available programmed instructional materials and supplemental text-
books required only a minimal amount of UESP resources. The amount of faculty
effort required to develop the individual courses corresponds to the same dis-
tribution as that of UESP costs. The structured-curriculum course required
an extensive amount of faculty time equivalent to approximately four or five
man months of development. Commercial deVelopment costs refer to the rela-
tive commercial cost that have to be expended to develop the materials.’
Naturally, the courses utilizing television and textbook supplements are very

expensive because of the television production costs. Also, the course

’ | - 113
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requiring thirtcen tcxtbooks had high commercial development désts associated
r/_ . Qith it. ‘Thesc commcrcial chclopmcnt costs are important to rccognize since,
N if such devclopmcntal costs werce nQt assumcd by another agency, they would
_have to be assumed by the Program. In_some instance$, this could be very prb-;
hibitive. Finally, it is important to consider the cost to the ‘student in
“acquirihg the necessary instructional materials. - Since thc.sttucfured-
. ‘curriculum model, the programmcd instruction, and telcvxsxon modes of presen-
tation were citheg 1nternally produced or else required only a limited num-
. ber of commcrc1ally available materials, these student costs were relatively
low. The lengthly reading list required by the History course resulted in .
about 50% more Student costs. '

In summary, based on the cost factors 3550c1ated with the development
of these materials, attention should be given, when,possible, to the utiliza-
tion of commercially developed materials, particularly of the.programmed
instruction mode. In terms of UESP, the structured-curriculum model has been
selected as the primary -format mode.

Summary h Ag -

The advantages in flex16111ty and accjss1b111ty of wr1tten instruc--
tional materlals was re-empbasized throughout this attempt to try the vaglous
{}pe§ of instructional delivery Systems, as were the limitations and possi- .

bilities of teléb&sion as an instructional medium A value, in termss of ex-
plicit student direction and student self-evaluation, was recognized in the "
highly-structured curriculum. It seems apparent throughout this study that written
materials can provide the external studies student with the information needed
for meeting the objectives of a course and that these materials can be supple-
mented with other media or can be used exclusively by the student. It was also
recognized that, in order to address individual student nceds and provide
instructional alternatives to meet those needs, this Program should continue to
. “experiment with various types of packaging and with various media.

It can’be noted here that the structured-curriculum process (Type V)

is recognized to be extremely adaptable to this kind of experimentation since

it provides a process for identifying student needs (in terms of @ learning
. e )
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hierarchy and structured pretcst) as wecll as a process for identifying appro-
priate use of media based upon the charactcristics of the studcnt population,
and the typc of objective to be achlcved This kind of 1nstruct10nal delivery
system, then, is seeff to be extremcly useful in malntalnlng studenf direction,
specificity, and accessibility while at the same time allowing for the indivi-
duality and creativity of the instructos in attempting to make use of other

- media and methods in his course design.

.

Future Developments

Although the University External Studies Program has achleved some
degree of success during its initial stage of operation, the staff of this-
Program feel that alternative instructional formats need to be considered in
order to provide a comprehensive learning system that will mostsadequately
meet the needs of its students. At the. present time, the structured-curriculum
model is viewed by the staff as having a high degree of potential for formatting
the materials, however, the emphasis on paper/ﬂ;icil presentation needs to be
further exanfinéd. -

" In order to‘sysiematicaliy examine additional delivery modes, two
studies are currently under consideration. The first of these utilizes audio’
cassettes. Because audio cassettes are readily available at a reasonable cost,
the use of them seems to be of some merit. The audio cassette would permit the
student the option to hear a discussion representing various points of view
about a given .topic, to have faculty summaries prepared on given aspects of
the course, or could be used as a communication device between faculty and
students in terms of answering a student's specific questions. At the pre-
sent time, audio cassettes are being considered as supplemental components
of the instructional package and not as the primary program.

Another system also being considered is that of cable casting;
fhat is, the use of broadcasting systems via a cable telcvision network. On
the assumptlon that the growth of this industry will continue at the same
rate it has over the past five years, it appeaxs that a network of cable sta-
tions could provide low cost distribution to a large number of, households.

This program would involve both t“p written materials already prepared by

AN
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UESP and cable casting. The instructional package would consist of a paper/
pencil instructional workbook based on thce structured-curriculum model, three
interaction sessions per term, and fifteen one-hour television prescntations
per term. Each television presentation would be presentéd three times in a
given day--once a week; morning, afternoon, and cvening. Theréfore: the stu-
dent would have available three alternative instructional learning modes: the
interaction sessions, the televised presentation, and the paper/pencil presen-
‘tation. Cable casting would permit flexibility through offering three pre-
sentations of a given lesson at various times in the day* and would provide a
motivational factor in that there would be an implicit pacing for the student
because of the scheduled television 'presentations. In addition, it would be
poésible to reach a larger number of individuals who cannot currently utilize
pngsent educational opportunities. ’

It is hoped that by systematically examining various types of alterna-
tive formats in instructional delivery systems, it will be possible to devise

a comprehensive instructional system that can be utilized to meet the needs of
o

non-resident students.
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Why.yora'problems? I hope that I shall shock a feéw
people in asserting that the most important single task of mathe-
matical instruction in the secondary schools is to teach the setting
up of equations to solve word problems. Yet there is a'strong argument
in favor of this opinion ... In solving a word problem by setting -up
equations, the student translates a real situation into mathematical
terms: he has an‘opportunigy to experience that mathematical concepts
may be related to reality, but such relations must be carefully

worked out. Here is the first opportunity afforded by the curriculum
for this basic experience.

-Polya: Maghematical Discovery

7~
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INTRODUCT ION

The area of arithmetic and algebraic word problems generally
presents the'elementary school stuqfnt with his first experience'in
utilizing mathematics as a tool to solve '"'real" or physical problems.

It is an area which is crucial to ‘studgnts' later mathematical
development and thus comprises an jﬁportant part of the mathematics
curriculum. Word problems have, however, continually frustrated
educators' efforts to effectively teach éompetency in them. This

paper describes an attempt to deal with word problems in the elementary:
school.

.The Word Problem Program has been undertaken as one of
several programs developed to investigate Computer Assisted Instruction/\t/,/q
in Problem Solving as part of the Qakleaf Sﬂfll Computer Project. /
The Oakleaf Small Computer Project was initiated by LRDC in 1969 under
sponsorship of the National Sciencc Foundation. Its principle
purpose was to "...éinvestigate appropriate and effective uses o%
the computer in an individualized school in order to foster the
adoption of individualized systems of elementary education ..."
‘(Glaser and Cdoley, 1972). The Word Problem Program is also -related
to IPI tIndividually Prescribed Instruction) Math in that one of
its goals is to complement the IPI treatment of arithmetic word
problems. The fundamental goal of the Word Problem Program, however,
as with all other programs in the Computer Assisted Instruction in
Problem Solving Project, is to teach elementary school students some
generalizable problem solvinr skills. This goal will be discussed in
detail in section 1. ‘ ;

This paper considers the literature pertaining to word .
problems in both the traditional and computer based modes. On the
basis of relevant research, theory, and intuition, thé paper then
' proposes some instructional strategies and methods, as well as a format

for a computer program to teach the process of solving word problems.
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The paper also hypothesizes relationships between some‘gé}iables present
‘in word problems and the difficulty of the word problems. Finally,

the paper concludes with some sample protocols of an experimental

version of the Word Problem Program in operation.

‘ .
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OBJECTIVES OF THE PROGRAM "

.

The fundamental goal of the Word Problem Program is to teach students
who use it skills which will make them more effective problem golvers.
All 6f the instructional objectives of the program are derived from
this goal, and specific instructional decisions are made on the basis of
it. Thus, the program is concerned with teaching not only the skills
invoivéd’in solving arithmetic word problems, hut also skills applicgﬁﬁe
to a wider range of problem solving situations. This section delinéates
the cognitive objectives of the program dealing with:both of these areas
and also describes the affective goals of tihe program. Befg;e~proceeding
with this task, however, we must first clarify the meanings Qe attach
to the terms "problem solving' and 'word problems'.
Several educators have made hypotheses and conclusions regarding
. the nature of problém solving. It may prove‘enlightening'to consider
some of these here. In general terms, John Dewey described a problem
as anything that perplexes and challenges the mind so that it hhkes
belief uhéertain. Kramer (1966) expands on that basic definition and
specifies that the individual who is faced with a problem must 'analyze
the situation, gather facts tlat point toward a solution, decide which of
those facts are pertinent to the problem, and then, by reasoning
logically with’these data at hand, make an intelligent choice that termi-
nates his confusion."

Polya (1954)istates that the principle parts of a problem are the
datawgthe unknowni, and the condition which links the unknown to the data.
The’task of -the problem solve: is tren to (1) ''understand'" the problem,
bte te spec1fy the unknown, the data, and the condition (2) to plan a
'@f - sqlutlon to the ptoblem i.e., to flnd the connectlom between the data

e
v P and the uhkﬁQWn (3) to carry out the plan and (4) to examlne the solu-
'G;: . ,tlon obtalned and;determlne 1f the.candltlon has been met.
. AL dxstlnctlon ‘made by Kramer further clarlfles the céncept of ﬁroblem

Kramer. states that a given situation can be cxther an enigma, a problem,

o~
)

or an, exerc e—/hppendfhg Jupon the ' mathematxca} maturity' of the individual

involveg. Thu§* a one-step addition’ open number sentence (e.g:, ? + 3 = 9)

is an'enigg to-the three-year-oid who .cannot understand the question;
9 . . ‘ ' SRR Y ) ’ “'\ -
e > " :%{ . : : .
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a probjcm to the six-yqar-old‘ﬁho understands the question but cannot
automatically respond;and finally, an exercise to the eleven-year-old

who can answcr immediately. Gagne (1966) makes a similar distinction.

‘He uses the term 'productive probléT solving'" to refer to "... the ) /

finding of solutions to novel problems and should be carefully distinguished

from an undesirable use of the term referging to routine sybstitution

of numericai values in mathematicai expressions of the same type - a kind

of "drill". — )

» The above statements give a general impression of the nature of

- ~em solving tasks. The remainder of this sectidn further ‘elucidates
'opic of géblem solving in the context of the Word Problem Program

and specifie§:$ome of the overall objectives of the program. The thrée

subsections” d6al with arithmetic word problem objectives, general problem

solving goals, and the affective goals of the program.

1. Arithmetic Word Problem Objectives

The problems that will serve as our stimuli are verbal quanfitative

- problems, i.e., problems which present the individual xjth "a described’
' situ;tion that involves a quantitative question for which the individual

L . has no ready answer" (Kramer, . The range of difficulty we intend

to cover can be illustrated by the following objectives: ' .

- Given addition and subtraction word stories, thq student
) writes the number sentence. LIMIT: sums to 9 #IPI ﬂhth Objective
e | . 10-A) .
- Given a word problem for Lhich multiplication is thc appropriate
operation, the student writes a corresponding multiplicatioﬁ
fact and,writes'the answer with the appropnriate label. LIMIT.
two one-digit factors (IPI Math Objective D - MULT - 2)
e ) - Given a word problem that requires addition, subtraction, or
| - addition and subtraction, the student solves the problem and
writes the answer with the appropriate label. LIMIT: four
addends per probfem, six 'places per problem, whdle‘humber parts to
- thousands, decimal fraction parts to millionths. o P
- (IPI Math Objective F - ADD/SUB ; 4) .

123
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- Given a word problem that requires from 3 to 5 steps and the !
!‘ application of exactly two operations, the student solves the

problem using a calculator and writes the answer with the
- appropriate label.
This range will include and transcend the objectives referring to
word problems~CUrrently in IPI Math. Behavioralhobjectives and learning
hierarchies which specify exactly what this entails are left until a
later date.{_.The success of the Program in attaining such objectives
N will ber evaluated in the following manner:
Objective 1: We expect students utilizing the program to score W .
T significantly higher on Curriculum Embedded tests than
, controls using the IGI approach.

[y <«

Objective 2: We expect students'utilizing the program to score
\ significantly higler on Post tests than controls usiﬁg )
the IPI approach.

Objective 3: We expect students utilizing the program to score
significantly higher on word problem scctions of IPI
placement tests ddministered in the succeeding year
than controls using the IPI approach. .

Objective 4: We expect students utilizing the program for two years
to place out of significantly more word problem objectives
than controls using the IPI approach.

Objective 5: We expect students utilizing the program to score '
significantly higher on the word problem sections of
standardized achicvement tests administered at égc

end of the ycar.

. ’ We also expect students to devclop skills which will increase their
competenc} in solving arithmetic and algebraic word prctlems of a more
general naturc. We strive to make it possible for; many arithmetic
situations which arc now "enigm d to become '"real™ problems to
elementary school children.’ Thus, a major goal of the Word Problem
Program is to develop in the student effcctivelpgoblem sclving gtrategies
which we expect to transfer to other more complex word problem situations.

As a measure of the success of the program in fulfilling this goal, students ¥
utilizing the prpgram are expected to score significantly higher on

special tests -of '"more advanced' word p}oblems»than controls using the

IPI approach. The term '"more advanced' refers to problems which are,

38
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by some criferia, above the level of experience .of the particular
. . . . - .
student involved and for which no instruction has been received. )For
d/or

operations, and a -greater degreec of structural complexity than those of

exémple, the tests may consist of problems requiring morc step

the highest level that the student has mastered. The students will also
be given prdBlcms which contain numerical values of a greater magnitude
than they are accustomed and asked to specify the correct operations .

to be used.

Q 11. General Problem Solving Goals

In addition to'tcachingAcompetchcy in solving arithmetic word
problems, the program is also -intended to develop skills in general
problem solving, i.e., to develop geﬁeral skills and strategies whose
application is not limited to the spccific case of arithmetic word
problems. Such general skifls are hypothesized.to exist by Olton (1969).
”They are general cognitive abilities, such as the production of original
ideaé,fthe inventiod of a unifying principle which integrates severil
disparate'events, and the u;e of various strategies when one is 'stuck'’
on a complex problem.” -

s

In order to specify the nature of the aforementioned 'skills,

a morehprecise definition of the term ''problem' should be prcsented% Newell
and Simon (1972) state that ''a person is coyfronted with a problem when
he wants something and does not know immediately what series of actions
hé can perform to get it." The desired 'object" may be something tangible,”
-concrete or abstract, it may be specific or general, and it may be
t  physica1 dr\éypbolic. The series of actions he should perform can be
physical, percgbtual or purcly fiental activities. In particular, the
problemé which concern us in the Word Problem Program have the following
* +characteristics:
1. They are verbal representations of concrete, physical situations.
2. The task may involve the representation of concrete data in
symbolic fashion. ’
3. The actions required by the problem solver to attain the solution
involve mental activities.
4. No specific algorithm exists (applicable to the genecral problem
</ solving situation) to produce the solution. Productive gencral

strategies do exist, and the learner's ultimate task may be

to find one. |9 el
. 39121)

¢

R




1.05

. There is only one solution to the ﬁroblem, but several

paths may exist to the solution.

. The problem may involve sub-problems which must be solved

to reach the final solution to the problem.

. The environment provides feedback as to the relative tenability

of a given step in the solution process.

. The environment provides the oppurtunity to test the

tenability of the final solution to the problem. .

The above list of characteristics reprcsents our operational

» definition of a problem. The goals of the program are thus derivative

from this definition. The goals are:

"GOAL 1:

N

We expect students using the Word Problem Program to develop

the skilis nc¢_espary to solve problems as defined aLove. Some

of these skills are listed here. These are taken primarily

" from the work of Roman {personal cohmunicacion):

1. Recognizing the existence ofa problem and clearly

stating the goai.
2. Recognizing, recording, and organizing the given data.
3. Determining if analogous problems have been'solved and,
if a general strategy or algorithm exists, recalling and

applying it. '

4, Breaking an apparently compléx problem into manageable sub-
parts and solving each part. ' .

5. Reintegrating and substituting the suBsolutionts) into a
final solution for the problem. (

6. Creating hypotheses that arc reasonable, consistent with all
given data, and testable. _

7. Devising tests for the current hypothesis and integrating
the evidence from thosc tests into the next hypothesis.

8. kecognizing when the solution has been attained, or recognizing
when help is needed, or recogmizing when to give 'up.

9. Communicating to another about the' problem and the attained
solution. .

10. Extending the solution of a particular problem to a more

general problem situation.

126 a
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GOAL 2: We expect students using the program to develop important
mathematiéal-concepts such as those of Variaﬁlc, transitivity,
and substitution. Some spccific examples of thié are given
in sections 4 and S. .

GOAL 3: We cxpect the program to serve as an introduction to algebraic
concepts, reasoning, and manipulation of symbolic quantities.

The evaluation of the success of such goals is difficult since .
few objective measures of such cognitive abilities are available. Oﬁe
group of tests which may prove helpful here are those developed by the

Wisconsin Research‘and Develdpment Center for Cognitive Learning. A

e goal of their project was to identify and develop tests fo measure
basic concepts and cognitive abilities. We thus expect students

using the Word Problem Program to score significantly higher on these

tests than controls.

I11. Affective Goals o ]

The specification and evaluation of affective goals presents an

even greater problem than that of the general problem solviﬁg objectives.

Krathwohl et al (1956) define affective objectives as those which

- ~mphasize '"a feeling tone, an emotion, or a degree of acceptance or
rejection.”" Such objectives are generally expressed as "interests,
attitudes, appreciations, values, and emotional sets or biases." The

statement of these objectives in specific behavioral terms is, however,
exceedingly difficult. Subsequently, since tests for the attainment
of objectives involve measurements of the presence of certain behaviors,
evaluation is even more difficult. At present, it is ‘not our intention
to deal fully with these problems and thus the remainder of tﬁisigection
is devoted to an overview of our current thinking. .
We are interested in the program users' bchavior in three areas:
1) toward the Word Problems Program, i.e.,towards inséruction via
the program as opposed to textﬁbok, booklet, or class, '
2) towards arithmetic word problems as compared to other subject
areas, interests, and activities and,

3) toward problem solving in general.

| 127
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The affective goals of the program are: Y
GOAL 1: In each of-the above arcas, wé expect¥ all program users to behave
at KrathWohl's level of (1.2) willingness to receive, i.c.,all
o users should be disposed towards (willing to tolerate and not
avoid) the three arcas.
GOAL 2: We expect at least 2/3 of the users\to attain behavior at some
level of 'responding". This includes
(2.1) Acquiescence in responding: The user is active in
respoading but passive in terms of the initiation of
behavior to the threc arcas.
(2.2) Willingness to respond: The user voluntarily chooses
to engage in activities within the program and in
problem solving.
(2.3) Satisfaction in response: The user's behavior.in the
threec areas is accompanied by 'a feeling of~satisfaction,
an emotional response, genc{hlly of pleasure, zest, and
enjoyment." | ( ' ‘
GOAL 3: We expect a minority (approximately 1/4) of the users to attain
bchavior at some level of 'valuing'". This includes:
(3.1) Acceptance of a value: The user is motivated towards
activities in the three areas stimulated by a "belief"
that these activitics have some worth or valuc.
(3.2) Prefercﬁcc for a vgiue: The user not pnlyAaécepts the
value of activitieé in the three areas, but actively
pursues such act?Vities.
(3.3) Commitment: The uter is motivated to action based on a
= ' "'eonviction' sthat thc thrce areas have value.

There w111 be no directed effort to inculcate these attitudes,

appreciations,and values. Rather, we egpect the program itself to
\

provide sufficient reinforcement for thsaattainment of these goals.

Furthermore, these are primarily long r.%.g goals in that we do not

o«
N

expect many of these goals to be met w1‘§§; the first year. Instead,

they are cxpected teo be met at various pnﬁvts along a user's hlstory

ERIC
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Finally, evaluation of the success of these goéls can consist
of two types of activities: e
1) direct observation of user behavior by teacher and/or
experimenter and |
2) user performance on specially devised tests (based oy
Krathwohl's taxonomy) to measure the presence of these
_ behaviors.
Both of these metRods, however, have disadvantages. The first involves
a great deal of time and the possibility-of lack of control and experimental
bias. Thé)gecond involves the creation of a test whose validity would

be subject to careful scrutiny. Thus, the decision régarding exactly

'3

which method(s) to utilize has not been made at this time and will be post- .

poned to a later date.
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"\ RESEARCH IN WORD PROBLEMS

Research in arithmetic word problems has been conducted in a
number of diverse settings and with a v;riety of different objectives.
Studies have been made on: 1) affective variable; and individual
differences, 2) student skills, abilities, and methods, 3) instructional
techniques, strategies, and methods, and 4) structural variables hy-
pothesized to affect word problem difficuity. This review will present °
a brief sample of the research which is relevant to developing a -~
curriculum designed to teach gompetency in the golution of
arithqgtic word problems.

A study by Gorman-(196f) has proved useful- in the process of
selecting pertinent }esearch._ Gorman collected and critically analyzed
all available research on arithmetic word problems conducted from 1925
to 1965. After the prelimingry selection of 293~studies, he applied a
set of arbitrary criteria and rejected 70% of the studies for failure
to meet his requirements. The criteria stipﬁlated that the studies
must :

1) pertain to written problems in elementary school mathematits

2) include pupils in some of grades K-6 in the population

3) be conducted bétween 1925 and. 1965

4) report results based on valid and reliable instraments and °

procedures
‘S) be avallable from interlibrary loan, manuscr1pt procurement,
m1crof11m purchase, etc.

6) be the original study (whenever possible)

s

The remaining studies were then examined for compliance to criteria of
internal and external validity, i.e., in ordér that a study be accepted,
it mu;?‘provide control for every factor which influences internal or
external validity. The eight faltors (based on Campbell and, Stanley,
1963) which affect internal validity. are: history, maturation, testing
instrumentation, regression, selection, mortality, and the interaction
of selection and maturation, hlstory, testing, orkmorta11ty The
external validity was evaluated according to the interaction of testing

and the experimental variable, selection biases and the experimental

© -+ 130
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variable, reactive cffgcts of the cxperimental variable, and multiple
treatment éffccts. After this final analysis, 37 studics were accepted.
‘The Gormah sfudy was uscd as a tobl in selecting and evaluating
relevant research. Unless otherwise noted, the studies reported here
from"1925-65 are those accébted by Gorman. The studiés are listed by

topic.

—

I. Student Skills

‘Balow (1964) investigated the relationship of reading and compu-
tational ability to problem solving ability. As measures of these
abilities, he Qsed three subtésty of Stanford Achievement Tests:

Word Méaning an& Paragraph Méaning, Computation, and Reasoﬁing. The

study wa; performed on 468 children choseQ,from a group of 1400‘sixth

‘ graders. Balow found that:

1) Both éenéral reading ability and computation ability have an effect
on préblem solving ability. Controlling I.Q. drastically reduces
the strength of the relationship.

2) For a given level of computation ability, problem solving ability
increases as reading ability increases, and for a given level of
reading ability, problem solving increases as computation ability
increases.

Gorman sites four othe» studies which examine such relationships
and summarizes them as follows: |

1) Factors most clesely associated with~suécess*in problem solving are

"those related to numbers and reasoning while factors least closely
related pertain to vocabulary and reading abilities. (ﬁansen, i943)

2) Abilﬁ%& in fundamental operations and tests of problem reading (or
problem analysis) have a higher correlation 4ith tests of problem

ns, 1932)

solving than do tests of general reading. K

’ 3) Even though intelligence and computationallability are'factori(that

cause -differences in problem solving performance, other variables
are also evident. However, reading ability as measured by achieve- -
ment tests is not an important factor in problem solving ability.
(Engelhart, 1932) ’

" 4) A complex interaction prevails between reading comprehension,

reasoning, process selection, computation, and problem solving.
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Riedesel also,rcvicwed the literaturc on elementary school
education in Mathematics. On this basis, he identifieq eight factors
which are associated with high achicvement in problem solving. The
factors were: intelligence, computational ability, ability to estimate
answers, ability to analyze problems, arithmetic vocabulary, ability
to use quantitative relationships that are social in nature, ability to
note irrelevant (superfluous) detail, and knowledge of arithpetic con-

cepts. He sites seven research works in support of this conclusion.

11. Instructional Methods /

Research on instructional techniques and methods of teaching
competency in solving word problems has traditionally consisted of
making comparisons of the effectiveness df'kwo or three methods.

It seems, however, that every researcher has a different concept or

operating definition of the exact naturc of those methods. For example,

* the term "Formal Analysis Method" has been used to refer to a three,

four; five, or six step method of analysis. Since the authors are not

alw;ys explicit in their definition of terms, one is forced to infer the

treatment used in order to attain any useable and comprehensible

comparison. In this section, research is grouped according to method.
The methods shall be defined as follows:

1) Practice-Only. This method appears under many different names in
7

-the literature primarily as a control method. It is, however, rarely
defined ekplicitly and several variations can be seen to exist. The
definition that seems most applicable is that which Morton (1925) calls
the "Individual Method' in which thc students are presented problems
and left "to their own devices" (in Horsman, 1940). ‘

2) Vocabulary Methods are methods which attempt to improve the student's

AFility to solve word problems by instructing him in (usually spec-
ialized) vocabulary.
3) WMorton defines'the Analogy Method as follows:

The pupil is given an easy oral problem which is similar to a
difficult written problem. It is presumed that the pupil can sdlve
the easy oral pfoblem, see the analogy }9>the difficul; written problem
and then be able to solve the latter.
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4) Morton (1925) defines the Dependencies Method (or the Method of

Graphical Analysis) as follows:

The pupil is taught to diagram the procedure to be followed. le
begins “by determining what is to be found,then observes thaE this
depends upon the data that are given in the ﬁ%oblem, that these data
depend upon others, and so on until the diagram has been completed.
This diagram is intended to assist the pupil in outlining his thought
prbcedureé. It emphasizes relationships directed toward the solution.
5) The Formal Analysis Method

Several variations of this method are also in existence. For

example?~Morton defines it as a three step analysis of the problem,
whereas Washburne and Osborne (1925) consider it a six step process
which includes a step directing the student to estimate the magnitude
of the result. All definitions, however, include the followihg steps
as crucial to the analysis: (1) Determine what is to be found, i.e.,
specify the unknown, (2) determine what information and numerical data
arc giveﬁ in the problem, and (3) decide which processes (operations)
are necessary to attain the solution.

6) Other Analysis Methods

The sixth classification includes analytical or :quasi-analytical

techniques other than that of Formal Analysis.

The results of the research on instructional methods are summarized
a¢cording to each of the aforementioned methods. Under each method,
the research is divided into categories on the basis of the methods'
superiority, inferiority, or lack of significant differences to other
instructional methods. Thus, the réader can quickly refer to any
method and gain insight into its comparison to other methods. This,

of course, necessitates some duplication under each method.

1) Practice-Only

i”) The Practice-Only method was found to be superior to the follow-
ing methods:
- the Formal Analysis method in a study by Hanna (1929, reported
in HorsmaﬁBf Hanna called Practice-Only the 'Individual Method'.
- (Formal) Analysis by Washburre and Osborne in 1926 (not reviewed
by Gorman). In this.study, the Practice-Only method was referred
to as the 'Many Problem'" method and was considered to be ''decidely
the most effective method of all." |
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- the Analogy method by Washburne and inorne.

- the "meaning' or "insight" method for students of relatively
low intellectual ability and high achievement in a study by
Anderson (1949, reported in Gorman) . Iﬂ‘this study, Practice-
Only is called the '"Drill Method". Gorman does not define 'the
méaning method." |

ii) The Practice-Only method was found to be inferior to the fol-
lowing methods: |

- the method of providing "systematic instruction" in the funda-
mental processes in a study by Pace (1959) reported in Gorman.
Systematic instruction was defined as a process in which
students "'are asked to explain how a problem is to be solved
and why a particular process is appropriate'.

- the Wanted-Given method (see Other Analysis methods) by Wilson
(1964) reported in both Gorman and Jerman (1971).

- the Vocabulary Method by Vanderlinde (1962, in Gorman). It
is presumed that the term 'control method' refers to Practice-
Only. ’

- the "meaning" method for pupils of high 1ntellkctual ability
and low achievement by Anderson (above).

iii) No significant differences were found between the Practice-
‘Only method and the following methods:

- the Dependencies method by Hanna

- a technique which encouraged students to estimate their
answers before seeking the sclution in a study by Dickey (1934,
in Gorman). )

- the Action Sequence mefhod (see Other Analysis methods) by Wilson.

- a modified Wanted-Given program (see Other Analysis methods) by
Jerman (1971). It is again presumed on the basis of the report
that the ''non-treatment' groups engaged in Practice-Only.

- The PJoductive Thinking Program (see Other Analysis methods)

by Jerman.

3) Vocabuluary Methods

i) A votabulary method was found superior to the control method
' (presumably Practice-Only) by VanderLinde. VanderLinde used the 'direct
4’ study™ technique of studying quantitative vocabulary which enabled the
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child to "establish a three-way association between the written symbol,
the sound of the term, and at lcast onc of its meanings.'" He found that
students who had used this technique achieved significantly hlgher scores
on a test of "arithmetic problem solving and concepts.”

ii) a vocabulary method was found inferior to an Analogy ﬁéihod by
Theile (1939, reported in Gorman). The vo;abulary method involved the
completion of mathematical problems with the correct term.

3) Analogy Methods

i) Analogy methods were found superior to the following methods:
- a step-by-step (Formal) analysis method by Theile. Theile used
"'the association methpd, or that technique by which difficult

or incorrect problems are associated with a model."
- a Vocabulary method by Thicle
ii) The Analogy gethod was found to be inferior to the following
methods : ' .
(Formal) analysis for the lower half of the children in a
study by Washburne and Osborne. They state that Formal Analysis
is "decidedly superior."
- the '""Many Problem' technique (Practice-Only) by Washburne
and Osborne.

iii) No significant differences were found between the Analogy
method and Formal Analysis for the superior half of the children in a
study by Washburne and Osborne. They state that 'itraining in the seeing
of analogies appears 'to be equal or slightly superior to traininé in
formal analysis for the superior half of children."

4) The Dependencies Method

i) The Dependencies Method was found to be superibr to the following
methods:

- the "Conventional-Formulae' (Formal Analysis) method by Hanna.

- the "Individual Method" (Practice-Only) for the lower third of

the students used by Hanna.
1ii) No significant differences were found between the Dependencies

method and the following methods: '

- Practice—Only by Hanna

- Formal Analysis in a study by Horsman (1940)
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S) Formal Analysis

i) The. Formal Analysis method was found to be decidedly superior
to the Ana)ogy method by Washbuéhe and Osborne when only the 'lower
half" of the subjects were considered.

ii) The Formal Analysis method was found to be 1nfer1or to the
following methods: )
. - the "Individual Method" (Pract1ce -Only) by Hanz
- the "Many Problem'" (Practice-Only) method bxrg\3h§urne and
Osborne
- the Association (Analogy) method by Theile -
- the Dependencies method by‘ﬂiina
iii) No significant differences were found between the Formal
Analysis method and the foliowing methods:
the Analogy method when only the superior half of the subjects
are considered by Washburne and Osborne

- the Dépendencies method by llorsman

With regard to the literature on the Formal Analysis method,
Suydam and Riedesel (1969) report evidence from five other studies
which support theif conclusion that "informal procedures are superior

to following rigid steps .... If this analysis method is used, it

Nt

is vecomrmznded that only one or two of the steps be tried with any

one problem."

6) Other Methods of Analysis
Wilson (1964, in both Gorman and Jerman) compared the effective-

ness of three instructional procedures: the Wanted-Given, Aciion
Sequence, and Practice On}y methods. The Wanted-Given program:

focuses on the goals and ''tools', the "why'" and "with
what", the ends and|means, the wanted and givens 1in
situations from whidh the meaning or "attributes' of jan
operation is to be abstracted. This program emphasizes
"why'" and "with whay" one adds, subtracts, etc. Hence,
the operations are tonceived of in terms of their charac-
teristic ends-means. Or, in other words, the operations

I are relationships, or have structures. the rational
attributes of which are wanted-givens.
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In thc‘Wanted-Given.approach, the subjects are instructed to:
. (1) recognize the wanted- giveﬁ structure the problem
(2) express this structurc as an equat1on
(3) compute by using the operation 1nd1cated by the equation.
As an example, the problem }
Bob had 9 marb&es. Diék gave him 3 marbles. How-
many marbles did Bob have then?
was, classified as "a problem in which the size of a total is‘wanted n
and the sizes of its parts are given' and the Wanted-given structure
of addition is recognized. /The child must then solve the appropriate
equation (9 + 3 =norn =9 + 3). The problems used in the study
’ were all one step, one operation word problems and the equations
referred to in (2) were to be o‘ the 'direct' type, i.e., with the

unknown isolated on one side cf the equation,

¢

t o
The Action-Sequence method is described (in Gorman) as a

program

~focu51n€ w at 13 ﬁoinghon what events went
on, what is being domne, what is done, what was

the sequence of events, etc., in situations from
which the meaning or "attributes' of an operation ,
is to be abstracted. This@brogram emphasizes
what one does mentally or physically qhen one is
addizg/ subtracting, etc. Hence, the 9perat1ons
are cbnceived of in terms of their characteristic
action-sequente. In other words, the operations
are relationships, or have s{ructures, the rela-
t1onﬁi attributes of which are action-sequences.

In the Action-Sequence approach, the directions were:

(1) 'see' or recognize the real or imagined action-sequence

‘ structure of a problem. .

) expfess the action-sequence in an equation.

(3) compute, using the operation indicated if the equation
is direct; if the equation is indirect, imagine an
appropriate second action sequence; express it as an
equation and compute using the'operation indicated.

. .
(4) check by rewriting the equation with the answer in the

proper position.
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Wilson found that the Wanted-Given program produces statistically
significant'improvement in verbal problem solving ability over both
the Practice-Only and the Action-Sequence methods. lle failed to
attain significant differences in favor of Action-Sequence over *
Practice Only. |

Jerman (1971) performed a study which compared the effectiveness
of The Productive Thinkihs

and a control group. The Productive Thinking Program'is a commercially

‘Program a Modified Wanted-Given program

available series of programmed comic books in which children learn to

solve problems by following the eiploits of a brother-sister-uncle trio.

The program is designed to promote the generalized problem-solving

skills of elementary school students. Jerman summarizes the program's

purpose as follows: '"to develop and strengthen a student's ability in

using important SklllS and strategles for thinking and problem solving,

to improve a student S awareness of his own thinking processes and to_

improve his attitude toward activities that involve,use of the mind."
The Modified Wanteéd-Given program developed by Jerman differed

from Wilson's program in that it asked the student to progress through

a Aumber of. steps (dependent on the number of. steps in the problem)

by making a choice between two alternatives at each step. Tﬁb prob-

lems were identified as either sum- or product-type problems as

opposed to the wanted-given whole-part relationship of the Wilson

program. Throughout the program, emphasis was placed on the meaning

of the terms "sum'', "addends" etc. and the number of rules to be learned

by th¢ student was kept to a minimum. Finally, the students were

allowed (even encouraged) to write indirect number sentences where

_appropriate and to use these to generate the direct equation and SuhC,-

sequently attain the solution. The results of the study were as follows:

-

(1) No significant difference was found between scares of students

using The Productive Thinking Program and the Modified Wanted-

Given program. In a follow-up study seven weeks later, significant

resultg‘favored the Modified Wanted-ggien.

(2) No significant difference was found between the treatment and
control groups.

(3) A significant difference (p <..001) was found between treatment

and control groups in the number of correct procedures used by
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students to solve the problems. Also, the Modified Wanted-Given

favored (p < .005) The Productive Thinking Program in this respect.

III. Structural Variables ~

Structural variables are inner- or inter-problem variables whose
presence, absencé, or magnitude is hypothesized to affect the difficulty
of a particular word problem. The most recent studies regarding k
structural,variableslhave been conducted by Loftus and others at
the Institute for Mathematical Studies in the Social Sciences
at Stanford University. These have been conducted within the context
of a Computer Assisted Instruction Program for sixth grade students. .

THe program was unique in several ways. First, it did not requiré
the students to perform the actual arithmetic computations, but
did compel them to indicate the opcrations and operands in an unusual
fashion. It reqﬁired from four to eight weeks for the students to
master the instruction set. Furthcrmore, the results may not be
completely generalizable since the experiment was performed on what
Loftus (1970) refers to as "slow learners'. Since the implications —
of the Stanford studies are directly relevant to the present work,
a brief description of the format of the Loftus word problem
program will be given here. ‘ -

" The program typed a word problem on the printout sheet and
followed it with a printout, of the numerical data which appeared
in the problem on separate, numbered lines. A typical problem from

the instruction set follows:

27 CHILDREN GOT 13 PIECES OF CANDY EACH.
GENEROUS GEORGIA GAVE AWAY 9 PIECES.
HOW MANY PIECES DID SHE HAVE REMAINING...

G (1) 27
G (2) 13
G {3) 9

The "G'" indicates that the numbers were given in the problem. In-
order for the student to perform an operation, he had to specify the
line (nbt the number) and the operation in suffix notation. Thus,
to solve the above problem, the student would type 1.2 M which meant

"multiply the number on line (1) by the number on line (2), or 27 X 13".
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next{COnsequtive line number. To indicate that his answer could be

The results were computed by the prograiff and displayed with the

found on a certain liﬁe, the student typed §§vaeaning ‘'the number

on line (5) is my answer®. The student could also enter a new number
into the machine (for conversion'problems) and be given hints

(during the instrﬁction phase), e.g., for the problem 'What is (486 +
390) + 707?", the hint I; “"First find 486 + 390. Then add that sum
to 707". The format of the Stanford CAI program, and its effect upon
the experimental results, will be discussed in more detail elsewhere.

The results of the Stanforﬁénnd other studies are presented
here according to'topic.

1. The Operations variable is defined by Loftus as the minifium
number of different operations required‘to reach the correct solution.
Thus, a problem requiring a student tu add seven numbers necessitates
one operation, whereas a problem requiring the average of three
numbers requires two operations. The operatioﬁ variable can assume
only the values 1, 2, 3, or 4. The hypothesis was that.the larger
the number of operations }equired, the more difficult the problem.
This variable was found to be significant in (Loftus, 1970; Suppes

' Loftus, and Jerman, 1969; and Loftus and Suppes, 1972).

" 2. The sequential variable involves the relationships, between
problems presented in a sequence. The hypothesis was ;K§£ a problem
is easier if it can be solved the same operati&ﬁs in the same order ’
as the preceeding problem. This variable was found significant by
Loftus; Suﬁbés; Loftus, and Jerman; and Loftus and'Suppes. The
"arrangement of problems within a scries' (sequential) variable was
also foéund significant by Hydle and Clapp (1926, a study rejected by
Gorman): )

3. The ggﬁzh_variable, as defined by Loftus, is a measure of the
structural ‘complexity 9f the sentences within a word problem. Based
on a proceduré defined by Yngve (1964), a number is assigned to each
word in a sentence depending on how "imbedded" the word is in the
sentence's struéture tree diagram. The mean of these ﬁumbefs (com-

*puted for‘every'word in the sentencc) is taken and the measure of
ndepth" becomes the greatest numerical value of the means of all ’
the sentences within a problem. This variable was found to be
significant in studies by Loftus ; and Loftus and Suppes.
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4. The length -variable was defined by Loftus as the number of
words in the problem. This was significant in Loftus; and
Lofius and Suppes; but not in Suppes, Loftus and Jerman.

5. The conversion variable was found significant in studies
by Lbftus; \égypes, Loftus, and Jerman; and Loftus and Suppes.

The hypothesis was that\brehléﬁénrequiring conversion of units are
more difficult than those which do not..

6. The verbal clue variable was not found to affect problem
difficulty significantly by Loftus; Suppes, Loftus, and Jerman;
and Loftus and Suppes. The hypothesis was that problems which
‘contained a verbal clue to the requgred operation were easier than
those which did not. The verbal clues were defined as "and'" for
addition, "left" for subtraction, "each" for multiplication, and
"each'" or '"average'" for division.

7. The steps variable was defined by Loftus as the minimum number
of steps required to reach the solution. Each application of any )
operation is considered a step. Thus,«g)proble$ requiring a student
to add seven numbers requires six steps (only one operation) whereas,
a problem req&iring a student to find the average of three numbe;s
requires three steps (and two operations). This was insignificant
in studies by & foftus; Suppes, Loftus, and Jerman; and Loftus and
Suppes.

8. The order of numerical data variable refers to the hypethesis

that a problem is easier if the numerical data within it are presented
in an order in which they can be used to solve the problem. This was

found to be true in a study by Burns and Yonally (1964), and was found
insignificant in studies by Loftus; and Loftus and Suppes. ’

9. The order of fundamental processes variable was investigated

extensively at the University of Pittsburgh by Young and others.

Young (1941) had hypothesized that the order in which the fundamental

" arithmetic processes (operations) occur in problems would affect the
difficulty of the problems. To test this hypothesis both Becker (1938),
and Berglund-Gray (1938) generated a set of two-step, two-operaiion

problems. The set of problems was divided into six subsets based
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on the s%r possible combinations of four things (the arithmetic
operations) used two at a time (additiqgmysubtraction blems,
addition-multinlication, ctc.). The er in which ¥hc processep

. [

appeared in thc problems was then rcversed to generate a second
with all other variables remaining constant. For example, a
in the first set would be solved, by first appfying'addition\.
;hen subtraction, whereas the analogous problem in the second set

would be solved by subtracting first and then adding. Berglund Qray

. found the "d1ff1culty of interpyeting ar1thmet1c problems is

definitely affected by the order of occurrence of the fundamental

solution process' and summarizes in the followiné table:

IL .
More Difficult ) Less Difficult

Subtraction - Addition ¢ Addition - Subtraction

Addition - Multiplication Multiplication - Addition
Division - Addition Addition - Division
Division - Subtraction _ Subtraction - Division
Subtraction - Multiplication Multiplication - Subtractiofi

Division - Multiplication Multiplication - Division ,

where "Division - Multiplication" refers to the probiem in which

qivision is performed first multiplication second. Becker had

similar findings but did not include all of the caség. Mc Isaac

(1940) performed the same experiment on three-step, two- or three-

operation problems and found the order of _occurrence equally significant.
An’ 1mportant flaw in the above stud1es is that many of the problems

can be solved in an order other*thah that' which the authors assume

they will will be solved Also, the process used to generate "identical"

prgplems with a reversed occurrence of operations does not, in reality,.
control for‘all other var1ab}es. *The problems of the reversed

sequence are often far more complexly worded than the original. This
has the efféct of increasing the structural complexity of the

problem (the Ydepth" variable).- It should be noted that neither

Yngve nog Trénsformational grammar were available in 1940. Gorman

reJected all four of these stud1es for failure to isolate the exper1mental

'var1ab1e. : -
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10. The sequence of information of arithmetic word problems was

investigated by Rosenthal (1971). Ro?enthal_generated 32 addition
and subtraction word problems based on the following item forms:
m+n=7and ? + n=p. Lach problem involved the subject
"starting out" with "m" objects, gaining or losing "n" objects
and ending up with "p'" objects. ECither "m" or "p'" was chosen for _
the unknown quantity. Three hypotheses were investigated:

| (1) There exist significaﬁt differcnces between problems generated
from each of the four item forms (which specify whether the Unknown
is the starting or ending set).

(2) That problems in yhich information was presentcd in the
forward temporal order would be easier than the reverse. For example,
for the 'm + n = ?" item form, the problem '

If Paul ;tarted out with 5 boats and he bought
3 boats, how many boats did he end up with?
in which the events are mentioned in their proper temporal sequence

will be less difficult than

o * .
How many boats did Paul end up with if he bought 3
boats,and he started out with 5 boats?

-

which is stated in reverse temporal sequence.

(3) There will exist significant differences in problems due
to differential effects associated with the problem verb.

§ignificant differences were found for hypotheses (1) and (2),
but not for‘(S). |

gl,?The position of the question was investigated by Williams

and McCreight (1965). Their hypothesis was that placing the question
at the beginning of the problem will result in significant differences
when compared to placing the question at the end of the problem. They
found that the problems'in whith‘the question appeared at the beginning
of Ehe problem were slightly ( p .1) easier. 3'

12. Other variables

ltydle and Clapp (1926) investigated some other variables in a
massive study involving from 5870 to 7029 subjecés. They found that
problems with an abstract objective setting (problems containing
situations which are difficult to visualize) and those which contain
unfamiliar objects, large numbers, symbols, or non-essential (super-

fluous) informatien are significantly more difficult than problems
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which do not contain these variables. Gorman rejected this study

because of factors affecting internal validity.
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- made and are cUrréhtly being made on the basis of mathematical and

"educational philosophy, educational psychoiogy, the results of research,

‘virtually eliminated and thus, the manner in which sets of word prdblems

, are sequenced will bear the brunt of the instructional load.

3.01

"

FNSTRUCTIONAL METIIODS IN THE WORD PROBLEM PROGRAM

In the Word Problem Program, instructional decisions have been

and on the basis of intuition. Some of these decisions are discussed
in this section accd}ding to the following scheme:
1. Thé Sequence of Instructional Objectives:
This subsection relates the rationale and method of ordering .
objectives within the program.
2. Instructional Strategies:
This subsection relates the other teaching strategies
employed by the program to mcet the objectives.
3. The Role of Computation: .\\
This subsection relates the rationale behi?ﬂ"iﬁ’}'structional
decision concerning the relationship of computaéz:nal ability
to problem solving ability. +
Later sections of the paper expand upon some topics which appeaf
in this section. These deal with the program format and the relationship

of word problems to number sentences.

I. Sequence of Instructional Objectives

In Goals for School Mathematics (1963) the authors state that "...

problem material should be considered at least as important as the text
‘proper...we therefore believe that the composition of problem sequences
is one of the largest and one of the most urgent tasks in curricular

development.'" In the*Word Problem Program,'the textual material is.

Thé assumption is that a precise ordering of instructional gg?éctives

(sets of problems) from easy to difficult (simple to complex) will
prove to be an effective instructional procedure.

The use of precise sequences of instructional objectives which form
learning hierarchies has been suggested by Gagné(1;%8, 1970). Gagne }
hypothesized that a given task which was to be learned coulé’be'anaiyzed
into simpler prerequisite capabilitics. Thus, by successively asking
the question ''what would the in@ividual alreadv have to know how té do
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in order to learn this new capability simply by being given verbal
instruction?", a list of subordinate capabilitiés may be identified.
The*® learning of Fhesc‘suﬁordinate tasks should facilitate positive transfer
of learning to the learning of the superordihatg task, i.e., the
superordinate task ''will be more readily learned (on the average, through-
out a group of students) if the subordinate capabilities have been
previously acquired and are readily available forkfecall.”

Zhe implication of Gagn@'s work for the Word Problem Program is

that sets of problems should be individually analyzed and ordered

. A
" according to the skills necessary for solution. However, the task .

of identifying subordinate. skills in word problems is more complex than
in other areas where this analysis tfechnique has been succéésfully
applied. To verify this statement, onc need only examine thc research
which has been conducted on structural variables in word problems. ‘Such
rescarch represents an attempt to delineate‘factors which contribute

to problem difficulty and are therefore thought of as analogous to the

' skills necessary to complete the problem. As evidenced in the review

of the literature, even this simplification of‘p Gagnd type task analysis
is often complex and sometimes yields contradictory results. For this °
reason; the results of research on structural variables Ras rarely
been utilized directly in the design of curriculum. One of the first
to use this method with some degree of syccess was Gill (1940).

*Gill compared the effectiveness of the method of providing fouvfh
and fifth grade students with problems of ''graded difficulty"” to a %
control method (Pyactice-Only). He generated sets of 7 or 8 probléms
which were given to the students in 26 lessons - over two 13 week sémesteré.‘

Gill ordered the problems by direcfly applyinig the results of exgﬁting

I
» research on structural variables to the task of writing the problems.
i 4

The variables which had been found to affect item difficulty were
individually arranged from easy to difficult along the entire cﬁntinuum
of 26 lessons, i.e., each particular variable was graded on a Scale and
applied by orde; of difficulty to the problems in the lesson. All of
these variables were then incorporatcd to write the graded set of

problems. The variables which were taken into consideration were:
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1. The order of the fundamental processes.

2. The size of numbers.

[%.]

. The Gbjectivity (the ease with which a problem can be
"'visualized"). )

4. The occurrence of unfamiliar objects in the problem.

5. The arrangement of problems (the Loftus sequential variable).

6. The occurrence of nonessential or superfluous information.

7

. The use of symbols in the problem.

b

Gill found superior achievement in the experimental group on standardized
arithmetic tests, 4 test of word problem solv%ng which did not require
arithmetic computations, and a test designed to samplé the structural
variables at different levels. Gill's study was rejected by Gorman for
failure to control the teacher variable (the same teacher did not teach
both groups except in two of the 16 clas%es).

On the basis of the aforementioned th&ry and of Gill's research,
it seems reasonable to assume thatyg hierarchical ordering of sets of
word problems will be an effective instructional strategy. Once the
pedagogical decision to hierarchically sequence ihe word problem'objectivés
has been made, the problem of how to successfully perform this task
becomes paramount. This could be accomplished in several ways. It could
be done empirically by testing large numbers of childrén on.each problem
to be used and subsequently performing the necessary statistical analysis.
This method, however, would prove impractical due to the immense numbers

of problems which would be involved. A reasonable alternative would be

-an application of Gill's method based on current research.

In reviewing the literature on structural variables, the Loftus
study stands out as being particularly applicable to such an undertaking.
In her study, Loftus determined regrcssion coefficients for the eight
variables she examined (five vof which she found significant). On the
basis of the cocfficients, a difficulty index can be determined for a
given problem by identifying the value of each variable in the problem
and plugging these values into the rcgression equation. A total set of
problems could thus be ordered on thc basis of the difficulty indices

computed for each individual problem.
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“ Unfortunately, it does not appca; that the Loftus results will be
directly applicable to the ordering of problems in the Word Problem
Program. This is due to several factors in the study which caét doubts
on its validity and generalizability. The first such factor is the
awkward method in which students were expected to respond to the problems.

U The format, which is described briefly in the review section, was so
complex»thgifjf'}equired from four to eight weeks for the students to
master the instruction set before beginning the (four week) problem set.
Secondly, the poﬁulation consisted of ''slow learners' and, hence, may
not be.completely generalizable.

With regard to the regression equéfion itself, Loftus states that
two particular problems contributed most heavily to the total chi square
and that ''the regression models investigated cannot account for perfor-
mance on these two types of problems." In addition, the results -
concerning two of the eight variables studied can be contradicted
by other research. Finally, since other researchers have identified
other significant variables, it is clear that the Loftus variables do
not take all of the relevant factors into consideratiqﬁ.v The nature of
the regression equation, precludes its modification to include new ‘

variables withgut a massive amount of work. Consequentlx,ﬁthe Loftus
results should not- be applied as the sole basis for organizing and

.seauencing the problems in the Word Problem Program.

Several possible approaches to ordering a set of word problems
have been considered. As stated previously, the method of treating
each of several hundred problems separately and investigating student
performance was rejected as impractical. Gill's work was rejected as
out of date and the Loftus study was performed in an inappropriate
population of students and does not include all significant variables.
The classification of all problems on the basis of structural variables
is still desirable, however, aﬂd the problem thus becomes one of deciding
which variables to consider and exactly how to use them. A crucial
point to remember is that research on structural variables represents
an attempt to deal with the prgblcm solving skills which are required
in a partihular problem. Thus, the depth variable is presumably signi-

ficant because of additional skills 'or concepts which are required
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of the learner for problems of greater syntactic complexity. It ‘
is thereford(desirable to choose variables for consideration which are
directly related to (hypothesized) problem solving skills. Clearly,
variables cannot be ignored if they have consistently proven to be
significant in previous research. Other variables must bé ignored, ecither
because they have no close relationship toskills necessary to solve |
the problem~or because previous reseﬁrch has shown them to be insigni-
ficant. For thgse~reasons, a new variable (or set of variables) is under
consideration for use as a major tool for arganizing the Word Problem

Program objectives. This will be discussed in detail in the section

* on Number Sentences and Word Problems.

II. Instructional‘Stratqgigs

The choice of which instructional strategies to employ in the Word

Problem Progfam should be made on the basis of Both the objectives of-

the program and the results of research in the area. The objectives of
the program are basically aimed at two goals: The developmenit of skills

" to increase competency in 561ving arithmetic word problems.and the

development of more general problem solving skills. Ideally, previous

" research should give some indication, as to‘which methods will be

effective in attaining these goals’

As evidenced in the eviey of literature, there is much debate
and controversy over the jgestion of whether to teach specific word
problem solving strategies or algorithms (and if so, which ones), to
teach general problem solving skills, reading skills, or simply to
employ the Practice-Only Method. Reseafch has yielded contradictory
results as to which methods are more effective. For example, the vocab-
ulary method was found superior to Practice-Only by VanderLinde. Since
Practice-Only was found superior‘to both the Analogy and Analysis
methods, then one should conclude that the study of vocabulary would
also prove superior to Analogy and Analysis. This was not found to be
the case, however, since Thiele,using a different technique, found the
Analogy method more affective than the study of vocabulary. Thus,
carec must be taken in attempting to apply the “results of research
directly to program development.
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Rescarch can, however, prove helpful in the decision as to which
methods to employ in the Word Problem Program. Intuitively, it seems
logical that to accomplish the program's goals, the program should make

use of an Analysis or Analogy method. Presumably, utilization of one

or both of thesc methods would aid in developing problem solving

strategies and skills applicable to specific word ‘problems as well as
general .problem solving situations. Research, however, indicates that
the Formal analysis method would not prove effective in teaching
competency in arithmetic word problems. As mentioned earlier, Suydam

and Riedesel conclgde that "informal procedures are superior to following
rigid steps...if this analysis method is used, it is recommended that
only one or two of the steps be tried with any one problem.' This
conclusion, along with the favorable reports on the effectiveness of
"Other Analysis Methods' which utilize number sentences (Wilson, Jerman),
support the method described beclow for the Word Problem Program.:

In the Word Problem Program, a structure of hints available to

the student will be used to foster an analytical apprdach to problem solving.
The use‘of this appvoach will be encouraged but not demanded and is thus
made available at the student's option. When a student is experiencing
difficulty with ; particular problem, he may type "HINT" and a low

level hint will be supplied. ‘Subsequent use of the HINT command will
provide additional hints until the final level is reached. The levels
of hints are as follows:

0. If the problem is one .réquiring a conversion of units, the
appropriate conversion will be made available.

1. The first level hint will be one borrowed from Polya. In
Polya's approach to problem solving, the first step is to
identify the unknown. The first hint on the word problem
program will thus be a specification of what the student
is expected to find. )

2. The second hint will consist of a rewording of the problem
in simpler (shorter) terms. The rationale here is to reduce
the problem to a simplcer prollem by removing all of the less
relevant informnt}oﬁ. In this sense, it is similar to an
analogy method.

3. The final hint consists of a translation of the word problem
into a corresponding number :cntence. The number sentence will

not necessarily have the unkrown isolated on one side of the
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. equation, i.e., it may be indirect.'

-

The intent of the hint structurc is thereforc to encourage the
student to take the foilowiné steps in rroblem analysis: ’
1. identify the unknown
» . f.-translate the word problem into simplier terms
3. translate the new version into an arithmetic number sentence
(or a éoilectign of such sentences) and ’
4. solve the number sentence(s) .
This approach, though analytical in nature, is not a Formal Analysis
method. It resembles-Formal Analysis in that a step-by-step procedure
is entouraged, buz it also resembles a vocabulary approach (the ,
translation of the initial word problem), and the analogy methqd '(the
“student solves the simpler wbrd problem). It is most similar to the
experimental programs of Wilson and Jermqyzﬁsee Other Analysis Methods
in the review) in that both of these recognizéd the role of the number
sentence in the solution of word problems. In the Actioq Sequence and
the Wanted-Given programs, the number sentence was seen as a natural
representation of the events in any piven word problem. In this program,
it is seen as a tool, i.e., as an abstraction of the problem situation
in a step towards solution. The exact nature of ‘the relationship
of the number sentences to the Word P’roblem Program will be elaborated
upon in the next section. . ) '
Finally, ths manner in which problems are presented to the student
and the form in which the student must respond (the program format) is
expected pd help attain the program objectives and is thus part of the
instructional strategy of the progran. This will also be discussed in
the last section. h e

1
-
—

ITI. The Role of Computation

The numeric values in word problems play both a confounding and an
undeniably infportant role. For example, Suydam and Riedesel state that
studies "...reveal that pupils often give little attention to the actual - .
problems; instead tﬁey almost randomly manipulate‘numbers.f We expect

¥ that this is not far from the truth, but tend to believe that such
manipulation of numbers is morc algorithmic than random. For example,
Stevenson (1925) felates a method of word problem solvipg”used by an

» elementary school student as follows:

2151
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If there are lots of numbers, I add. If there

arc only two numbers with lots of parts, I subtract.

But if there are just two numbers with and one’

littler than thc other, it is hard. I divide if

they come out even, but if they don't, I multiply.
Conclusions made on the basis of an analysis of number sentences in the
IPI Functions program indicdte that similar algorithms are used by
children working on number sentences. This will be discussed in detail
later along with some suggestions for dealing with the situation.

The research on the sequence variable also seems to support the
above arguments. Both Loftus;and H}dle and Clapp feund that a given
problem is easief if it can be solved by the same operations (in the
same order) as the problem that pregeded it. This could also be
interpreted as an indicétion that students respond to a given problem
with an algorithm which first instructs them to apply, or attempt to
apply, the solution strategy from the previous problem, Regrettably,
no research has been’ performed to dctermine whether a significant
number of errors on word problems arc made when a student (mis)applies
the operations lie used in a previous problem, e.g., perhaps a student
will be more likely to incorrectly multiply in an addition problem if
it is presented in sequence after other multiplication problems. If
such a situation éxigfs, the solution is obviously to present sequences
of problems in a mixed fashion (i.e., take the sequence variable into
account) in aﬁ éttémbt to dissuade, rather than reinforce, the

_attainment of such algorithms. N

. The above arguments serve the purpose of depicting‘the confounding
nature of the numbers in word problems. The major topic of interest

here, however, is the correlation betweé% computational skills and problem
solving ability documented in the rcview section. While several
researchers, have found‘a_posifiye correlation, the work of Jerman

uvalifies thjs. As mentioned previously, Jermam noted no significant

ifferences betwveen the tréatment and control groups in terms of numbers of
correct responses but did report highly significant differences in favor of
the experimental group in choosing the correct procedures. This finding
indicates that the process skills and the computational skills may be
considered independent and therefore can be treated as such in the
curriculum, Thus, the development of computational ability can be under-
taken separately from the development of problem solving skills. This
is exactly the intent of the Word Problem Program.

/
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The scparation of computation from process_has been attempted in
the past by rcscarchers concerned with structural variables. In
particular, Berglund-Gray and others at the University of Pittsburgh,
performed their research under conditions in which the subjects werec
not required to perform arithmetic calculations. Instead the answer
sheet consisted of a 4 X 2 matrix (for two step problems) with columns
labeled "addition', ''subtraction', etc. and rows numbered "1'" and ",
- To solve the problem, the student had to indieate the process by placing
an "X" in the first row under the operation he would apply first and
another "X'" in the second row under the operation he wo ld apply next.
This method allowed ‘the researchers to investigate problem solving without
contending with the computational variable. The method d1d however,
have drawbacks. Since the subjects indicated only the operat1ons they . i
would use, the rescarchers had no assurance that the subjects were
1nd1cat1ng the proper operands. Furthermore, although the researchers
attempted to use only unambiguous problems, it was still possible to
solve a given problem correctly using two different sequences of
operations. The researchers, however, accepted only one of these. ’ s

More recently, Loftus used the computer to separate the computa-
tional and problem solving components. In the Loftus program, the
subjects specified the operands and the operation to be used to solve
a particular problem, and the machine did the computation. The manner

in which the program format forced the subjects to reply (discussed

elsewhere) was,‘however, unsatisfactory.

In the Word Problem Program, the computer will allow us to perform 4
all calculations for the student withdut the negative aspects previously
mentioned. A detailed description of the manner in which problems are

presented and in which the student is expected to‘respond can be found

in the section on Program Format. : ‘
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NUMBER SENTENCES AND WORD PROBLIMS

Several researchers and educators presume a rclationship between
word problems and number sentences. This relationship is gpenerally
manifested in the role which number senteﬁ%es play as a step towards the
solution of word ﬁroblemsf In the Word Problem Program, we utilize
number sentences in this fashion, but also hypothesize a different
sort of relationshi? which involves the use of number sentences as a
structural variable to aid in sequencing word problems. This section
déscribes these and other uses of number sentences in the Word Problem
) Program.

L4

I. Number Sentences as Instructional Strategy \\

Riedesel, on(the basis of his review, urges teachers to

make use of mathematical sentences in solving
, single and multi-step problems. This approach \\
! improves pupil ability to look for the salient

aspects of problems and then select symbols that ex-

press this sense. Thus pupils can be taught to

grasp the structure of the problem before 'looking

for the answer'. llowever, care should be taken

not to use the mathematical !'sentence as the only \\\

way to solve problems.

The Seeing Through Arithmetic (STA) program by llartung et al.,
(1967), incorporates this strategy to thc fullest extent. The STA
program teaches two methods of problem solving. Students in the

second and third grade are taught by the Action Sequence Method

described in the review (Wilson based his method on the 1364 STA approach.)

In this approach, students werc to rccognize the real or imagined

~action-sequence structure of}a problem, express it as a number sentence,
and solve the nugpe‘ scntence. lowever, students could only solve
direct number sentendes and thus, for some‘Eyoblems, they had to

"imagine an appropriat@ssecond action sequence'' and express it as
' ¢

a (direct) number sentence.
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In the fourth grade, the STA npproaéhlchangcs and the student ,
is dirccted to follow thrce steps of a general problem SOIQing proce-
durc:
(1) obtain from thc verbal problem a mathematical sentence that .
describes the situation. '
(2) process thé sentence to gef the unknown number in accordance
J with certain mathematical propérties and definitions.
(3) Interpret the end result of the procéssing in terms of the
eriginal situation.
The method takes the student from the more concrete physical
situation of the Action-Sequence method to the '"mathematical world"
of number sentences. The student is encouraged 6 find a direct
or ifdirect number sentence to describe the problem situation. If ‘
the equation is indirect, he may solve it by applying what he has
learned about the commutative property, the relationships between the
operations, and about ''related sentences.'" The method relies heavily
upon the last concept. ''Related sentences' are sentences which containy
the same numbers and have the same solution, e.g. 3 X ? =12, 12'= ? X 3,
and ? = 12 / 3 are all related sentences. The student is expected

to "know" the related sentences for any given sentence, and choose

the one that tells him directly what operation to use. He then computes
the solution and returns to the 'physical world" to interpret it. -
The authors of STA state that this '"general procedurc can be used to-
solve all kinds of problems, no matter how difficult the problem may ~
be." ,
The Wanted-Given programs of-Wilson and Jerman also make use of
number sentences. Wilson assumcd that there exists an "essential"
relationship between ‘the "known and the unknown' or the ''givens" and
the "wanted'" in word problems. The ''wanted" number is seen as a particular
kind of number: "a sum, a diffcrence (or unknown addend), a p:oduct, or

a quotient (or unknown factor)'. In thc Wantéd-Given program the student

is taught to recognize the wanted-given structure of the problem and
to express it as an equation. In accordance with the pfogram's
. definition of the arithmetic operations and the wanted-given structures,

all of the number sentences should be direct and should not require

Y
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further modification for solution. ‘wilson's program is only used,
howeve}, with one step word problems. Finally, Jerman's Modified
Wanted-Given program also relies hcaQily upon number sentehces. In
Jerman's program, however, the s;hdcnts are én;ourgéed to write indirect
equationg as partial solution to'the word problcms;

Each of the abpove instructional methods involves the use of number
sentenges to teach competency in 501ving arithmctic word problems. The
nethods differ in the manner in which the student is required to(derive
a number sentence from a given word problem. In the Word Problem program,
the student is encouraged (though not required) to represent word
problems as number sentences. This is accomplished through the HINT
structure dé ribed in the preceeainn'section. The HINT.structhe.
sugéests the strategy of first translating a given word‘problem into
§imp1er térmS'(a modification of the analogy method) and subsequently
translating the simplified problem ‘into’a (direct or indirect) number
sentence. Thus, the principle differenccs between The Word Problem
program and the aforcmentioned programs with regard to number sentences
are: ‘ el ’ )

(1). utilization of “the proposed problem'soiving strategy is

" optional in the Word Problem program and mandatory in the
other programs. ) N ‘

(2) The Worleroblem program encourages a strategy og‘translation

rather tﬁ%n one of rccognizing hiddeny)'structures" and ''rclation-
ships" in word problems. Wo befic?c that this translation
strategy will prove to be applicable to a wider range of

- problems than will- the other strategies. _

Since number sentences will play such an integral ro@é in the Word
Pgoblem program, it is necessary to provide.,instruction in all aspects
of their golution, For this recason, a numper sentencc program will
also be~deve}oped which will parallel the Word Problem program. thus,
a student will be given a particular word problem only if he has
already mastered objectivés on number sentences ggcnticai to those
attained from the word problem. Finually, the si;nificance of number

sentences to thc Word Problem Progran is manifest in both the method
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and the form in which the student is expected to respond to a given

word problem. This will be discussed in the section on program format. -

11. Nufiber Sentences as a Structural Variable

In the review of the literature, scveral structural variables were
described. Ohly'the study by Rosenthal, however, dealt directly with

the relationship of word problems to number sentences. Rosenthal

‘Studied three Vhriables,'one of which was concerned with number sentences.
_ He .generated word probiems to correspond to number sentences of the

formM + N =17 and ? + N = P. Rosenthal found that problems that

correspond to the form M + N = ? werc significantly (p < .001) easier

'than,thosé which correspond to the form 7.+ N = P. This result

indicatés that there is indeed a strong rclationship between word
¢ . . . . .
problems and nymber sentences. The purpose of this subsection is

to relate the manner in which this rclationship can be used to help

- answer some questions concerning word problems.

Many ‘of the structural variables discussed in the review can be
seen to be directly analogous to conditions present in number sentences.

The most obvious of these are the steps, operations, and position of

question variables. Other such variables, however, may be inferred.

Tor example, the order variable (of numerical data) would be ‘present

"if the numerical data in the number sentcnce did not'correspond

in order to that of the corresponding direct number sentence. In

multi-operation number sentences, thc order of operations variable

may have a similar effectq;ﬁ number sentences as it did on word problems.

Finally, one can even hypafhesize a reclationship between the struc-

tural complexity of a word probleﬁ and its corresponding number sentence.
On the basis of Rosenthal's findings and the above analogies, it

seems reasonable to assume that number sentences, due to their simplicity,

can aid in hierarchically ordering word problems. The qﬁestion which

now arises is how to utilize the relationship fruitfully. One obvious

problem is that several different number sentences can be derived

from a givcn‘word problem and, inver<cly, a multitude of word

problems can be generated for any given number sentence. Two methods

are under consideration-to deal with such problems and cnable us to

utilize number sentenccs in ordering sets of word problems.
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In the first method, we momentarily assume that we can translate
a given word problem into a unique number sentence. After translating
a set of word problems to their corrcsponding number sentences, we may
cither:
(i) utilize the resultant numbcr scntence as a structural
variable along with the sequential, conversion, length,
and other syntactic varialiles to sequence the word
problems using a Loftus-type regression equation, o}
(ii) o?EE} the word problems purely on the basis of the number
sentences, i.e., group the problems according to number
sentence form and order as if they were number sentences,

finer ordering (within groups) can then be performed on

the basis of other structural variables. K\

’Both of these altcrnative appro:iches to the first method require
the generation of a number sentence from the given word problem. To
be at all meaningful, the generated number sentence must be unique.
This can be accomplished through the use of an algorithm which con-
sistently generates the same number -entence for a given word problem.
An example of an algorithm with this capability is the STUDENT program
developed by Bobrow (1964). Bobrow': computer program can solve
algebra word problems which have bcen written using a specific subset
of -the English language. The progra accomplishes this by a series
of translations of the text of the word problem into equations, and a
subsequent solution of the equations. The existence of the STUDENT
program confirms the plausibility of creating an algorithm which can
translate a word problem into a unique number sentence.

The second method also involves an algorithm similar to the
above, but makes use of the algorithm itself (as opposed to its
product) to determine the difficulty of a problem. The algorithm
would be more complex than that needcd for the first method and thus,
would probably be based more directl: on Bobrow's work. The scheme
for ordering the word problems is to generate an algorithm which
solves, problems by processes and operations analogous to.and representa-
tive those used by human subjects. An index could be g?herated on

the basis of type and number of processes (or loops'in the' program)

| ‘
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- necessary to solve the problem.  Scts of problems could then be
ordered on the basis of individual indices.

The rationale behind thec generation and utilization of such a
complex algorithm is that it will produce results more directly
representative of item difficulty tﬁqp utilization of the structural
variables discussed previously. The algorithm should give us a method
for comparison of problems on the basis of variables more directly
analogous to the actual skills and processes necessary for a student
to solve the problems. The Bobrow program stands as. evidence that
an algorithm can be produced to solve word problems, and research
is currently under consideration which will give an indication of the
féasibility of applying such an algorithm to the task of ordering
sets of problems. This research will be conducted using the analogous
case of number sentences only, i.c., generating an algorithm to solve
number sentences, ordering on the basis of an index computed by the
algorithm, and checking the hypothesized ordering against enmpirical
data. '

The choice of which method to employ will be made primarily on
the basis of time, feasibility, and resources. The order of preference

,%for the alternatives is: method 2, mcthod 1-i, ;nd method 1-ii.

) Regrettably, this is also the order of difficulty. In.the prelimipary
version of the Word Problem Prograni’, a simplification of methnd 1‘ .

was used as a method of srouping scts of similar nrctlems. This method

was based on theé direct number sentence and thus required no algorithm

to generate unique number scntences for cach word problem. Although

P
this method scemed quite feasible and elaborations could be made with
relative simplicity, it lacks the exactness and refincment of the more

difficult and time consuming technicues.

III. Other Uses of Number Sentences

It has been indicated several times that the study of number sen-

tences could aid in thF study of wor! problems. An example of this is
a recent, informal study of student »rotocols on objectives in one-step
number‘sentences taken from the IPl VFunctions Program. Correct and
incorrect responses were fecorded and the incorrect responses were
classified as resulting from crrors in either computation or process.
An error was classified as a process crror only if the valuec attained
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by the student could be exactly calculated by/hpplicntion of the inverse
opcration on thc two operands. Problcems wcrq'3150 classified as belonging
to one of six types (three when assuming symhetry about the equaiitx
relation): ). ' /

Type 1: ? =aob, aoh

H
-

Type 2: a=7o0b, 20b=a/
Type 3: asbo?,bo? = ﬁ
where "o" symbolizes one of fhe four/éperations. The results of a chi
square test yielded significant difﬁérences between types (X2 = 57.48, p <
.001) and further analysis showed the following:
(1) Symmetry about the equalitf relation. Within each type, no
significant difference was found between problems in which
the operation appeared on thc left or the right hand side of
« the equation. This finding allowed us to consider three
rather than six types
In an attempt to accountﬂ!or the differences between types, the total
errors were classified as either due td process (8% of the total) or
calculation (8% of the total).
(2) No significant differences wecre found between types of problems
on the basis of errors in calculation ;
(3) significant differences were found between types (X2 =54.32, p <
on the basis of errors in’choosinékfhe correct process.
In light of thesé results, a further analysis of individual
problems allows us to conclude that many of the students were oRerating
under a peculiar and undesirable algorithm which relies heavily upon
the operation symbol which appears in the problem and the particular
nature of the numeric values in the problem. As an illustration of this,
in the problem 6 / 3 = ?, the " / " cues the operation of division and
the divisjbility of the numbers supports this. However, the problems /
6/ ?7=3and ? /3 =6 are solved in the same fashion, the first
correctly and the second incorrectly. In the second problem, where
multiplication is required to produce the solution, the "/'" and the
divisibility.of 6 by 3 cues the operation of division. Note, however,
that whereas ? / 3 = 6 cues division, ? / 17 = 5 does not, and thus,

due to the lack of diVisibility, the correct(inverse) operation of
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multiplication will be chosen by default. By the application of such

an algorithm, a 5urpri;ingly high percentage of problems can bc answercd
correctly without the slightest understanding or application of ‘the
mathematical Qrinciples involved. An analogous situation exists

in addition and subtraction problems.

The above situation can be seen to corrcspond to thc phcnomenon
described by Stevenson and discussed in the precceding section. Thi€
supports the suggestion that many children solve word problems by an
undesirable algorithm, i.c., individual words or phrascs cue operations,
the validity of which can be checked on the basis of the divisibility
or subtractibility of the numbers in the problem. If this is indecd
the method employed by student: to solve word problems, then efforts
sﬂould be made to discourage its use. Two methods are under considcration
to deal with this problem.

The first method prescribes that tihc student progress through
the word problem and number seatence. curricula in three levels:

(1) The first lcvel allows only '"lcgal' numbers as values in

the problem. That is, no numbers of a magnitude or naturc
'(e.g., decimals or fraction:) to which the student has not
been cxposcd will appear in the problem or in the solution.
This is the ''real" level in which the aforementioned
undesirable algorithm works.

(2) The sccond level is designed specifically to mislead ong who
blindly applies an algorithn like that described above. For
cxample, in the number sentcnce program, the numbers can be
chosen randomly Ito allow ncegative numb;rs and decimals as -
answers), or can be of greca'cr magnitude than that to Whichp

the student has bcen cxposed. Lack of familiarity with

the numbers should not impecde performance since all actual
calculations will be performned by the machine. Also, numbers
that arc easily divisible will be used in problems requiring
the student to multiply thc numbers. The rationale for all
of this is to eliminate thc cucs that the numbers themselves
provide and,thus, to force the student to consider other
reasons for choosing a particular operation. In the case

of word problems, carc must be taken to generate problems
whose numbers do not cue opecrations and yct do not result

in physically absurd problem situations.
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(3) The third level wili consist of problems in which only symbols
abpcar. This purcly abstract case is used to insurc the
understanding of the processes by the child.

The second alternative method constitutes a reversal of the first.

The proposal is to teach the third level first, so that students begin
by solving number sentencc problems and, subsequently, word problems,
with abstract symbols. The rationalc here is to avoid the formulation
~ of the algorithms mentioned. This would do away with the difficult
task of leading the student to forget his old algorithm and relearn
another. Furthermore, we believe that teaching the manipulation of
abstract symbols first will develop skills which will transfer to

the case of real numbers. This stands, ﬁowever, in contradiction to
the method of proceéding from the concrete to thé ahstract case and
thus, the question of fcasibility is paramount here. Clearly, this
method should be neither accepted nor rcjecied without further study.
A major portion of the proposed rescarch on number sentences will

be devoted to determining the feasibility of having clementary school

students work with abstract symbols.

162




5.01

FORMAT OF THE WORD PROBLEM PROGRAM

As stated previously, the manner and form in which problems are’
presented and in which the user must respond will make an important
contribution te the overall instructional effectiveness of the program. @
Several fogmats have heen considered for use in the Word Problem
Program and have been tried in an experimental context designed to
simulate on-line computer conditions. One of these has been chosen
for implementation. This section presents a discussion of the proposed
format and a description of some altcrnative formats.

The proposed format was derived principally from that used in the
Loftus study described in the review. It represents an attempt to
refine the Loftus format into one which is far simpler and more
appealing mathematically. The progr.um procecds as follows: , Co

(1) A word problem is gypcd on the screcen.

(2) The numeric data prescnted on the problem is listed beneath

the problem (in order of appearance in the problem) and
labeléd with consegutive aljhabetic characters, each on a
separate line.

* (3) The user must then respond with either "HINT" to get a hint,
"DONE" to quit, "INSERT'" to enter a new number for a eonversion
problem, the option described in (5), or, he may perform
some arithmetic operation. To do this, he types the operands
(represented by alphabetic symbols) separated by an operation
symbol. |

(4) The computer performs any cualculations indicated by the user

and displays the valuc labeled with the next available alpha-
betic character. The user is again given the options defined
in (3).

(5) To indicate that his answer has been represented by an alphabetic

character, the user types '"/NSWER" followed by that character.
*
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- As an illustration, the following is an cxample of the interaction
between the program and a student solving a one-step word problem. The
student's responses follow the "***" and arc underlined:

HOW MANY COINS DID BOB COLLECT '

IF MARK HAS 10 COINS LESS THAN BOB

AND MARK COLLECTED 20 COINS?

GIVEN A . 10~
GIVFN B 20
wer B B-A C 10
' *** A+B _ A+B D 30w
u?' < ®%* ANSWER D
,gQ. Two points of intercst immediatcly arise: that of the format's
f' practicality and its pcdagogicAl value. With regard to practicality,

.. preliminary studies indicatc that students master the commands of the
program in less than an hour, whereas the Loftus format required from
4 to 8 weeks (Loftus does not say how many hours) of practice
problems to prepare the students for the word problem set. In terms
of the pedagogical value, we hypothelizc that many interesting and
important mathematical skills and concepts can be shaped through the
use of this format. We expect that utilization of the format will,
by itself, accomplish many of the program's objectives in the realm
oﬁ problem solving abilities, For example, to sblve the above sample
problem, the student must be able to associate the symbols "10" and
"20" with the symbols "A" and "B". lie hust be able to represent the
sum of the two numbers as ''A+B" and associate the sum with the new
symbol '"D'". ?inally, he must specifv his answer by its single
symbolic representation. The significancc of this last association
should be clearer in light of the following discussion.

In one of the experimental tryouts of another format, a fifth
grade subject was presented with a two-step multiplication word problem’
and asked to find a single number sentence to correspond to the problem.
He was told that hc could ask the cxperimenter to write anything he
pleased to aid his memory and that hc would have to state this request

and his final solution,

s
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" The problem was: o

"IN ONE YEAR, BOB ENCOUNTERED 13 GROUPS OF MEN
AT EACH BALL GAME HE TRAVELED TO. IF THERE WERE ;
'15 MEN IN EACH GROUP, AND .BOB TRAVELED TO 5 BALL GAMES,
HOW MANY MEN DID HE SEE, TOTAL? M

4 <

After a great deal of effort, the subject begah to aHProach the solution:

S: ...X equals 13 times 5 . ,\\\,

:000, S0 far‘so good
X equals 13 times 5
- X equals 13 times 5, so, X times 15 equals how many he
' saw in whole.year, but I can't see how to put that into
a sentence. putting that in a sentence.
. X times, “
X equals 13 times 5 is, / v\
X plus, '
X times 13 equals X
X equals (?) . A
X equals 13 times 5, and X times 15 equals X
tw;iting) X times 15 equals X
a different X
a different "X"? '
}eah ’ ) , §§j
What do you want.to call. this "X"? .
I'11 call that X -

«” M »n m \vun M »v m

(pause)
E: “y"? -~ - .

S: quéstion mark \
9" E: . (writes "X x 15 = ?"),' ’ t
The subject was then reminded that.he must express his answer as

a single nuhber sentence. After sevcral attempts:

S: I wonder how you can, make that in one;§entence?
13 times 5 equals X, ;
‘ thats my % right there, so

- it must be
‘ 165 ' R
\e | ' 79
ERIC ~ |




. 4 5.04

X times 15 equals question mark? . ,
no, cause you don't know how you got the other X

to equa\ your question mark, so

X cquals 13 times 5,

13 times 5 equals X

X ‘times 15 equals quesfion mark. 1 just can't figure how

to do 1it.

The subject fxnwlly gave up his search for a sogutlon He had
no 'difficulty later, however, in solving a two-step addition problem

which he initially attacked from a different direction:

S: I'm gonna get into the samc thing I got into the other one and

then I don't want to do that.
¢ N "
Um, 25 plus 35 plus 19 equals

-

Is that called one sentcnce?

, Ilis performance on this and other tasks indicate that his difficulty
was not a lack of ability to generatc two-step number sentenccs but
rather a lack of such fundamental processes as association and substitu-
tion. Other subjccts working in this format and im the proposed

format werc found to exhibit similar behaviors. For cxample, in the

proposed format, the same problem discussed above would be solved as

follows:
GIVEN A 13 V
GIVEN B 15 s
~ GIVEN C 5
**x AX B AXB D 195
w** D X C DXC E 975

ww* ANSWER E

Children initially had difficulty using this fofmat to solve
multi-step problems. On the basis of the trials with subjects, however,
it is felt that training in responding to one-step problems in this for-
mat will enable th student to perform successfully on multi-step problems.

That is, we expect that the process of associating and specifying the
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computed answer in terms of a single abstract symbol (in\one-step problems)

will transfer to the tasks of association and substitution in the afore-

mentioned two-step problems. In addition to tnese skills, the primary

purposes of utilizing this format are to develop a mathematical conoeot

. of variable and to develop skills in abstract symbol manipulation

which will hopefully transfer to other areas of mathematics and, especially,

to algebra.: . ’
As stated earlier, the above format has been chosen for implementation.

Various other formats have been considered and are still being studied

for possible use in either a complementary role or as a total replacement.

The remainder of this section briefly examines some of these possibilities.
Several variations of the proposedyformat are ;;;thy of consideration.

One variation is to allow the student to type the numbers themselves,

instead of typing their symbolic (alphabetic) representations, e.g.,

"S &+ 2" instead of "A + B". Another is to allow inputs containing more
than one operation at a time, e.g., to allow "A + B - C" (or "20 «+ |
5 -19") as~on intermediate or final step. This variation, however,
has undesirable aspects, such as the need for parenthesis to specify
the order in which operations should be'perforned} ‘These ‘Variations
have been tentatively rejected due to the hypothesized su;ZFiority
of the proposed format for accomplishing the problem gblving objectives
listed in the first section

Another set of variations is based upon the experilental format
described earlier in this section. In this format, the student is
given a word problem and is asked to type a nulben sentence from which
the solution to the word problem can be derived. The computer will
tnen'solve the nhlber‘sentence‘and display the solution. If the number
sentence typed by the student is indirect, the computer will display
the corresponding direct number sentence before the solution. The
stuigé?,will then be asked if he thinks his solution is correct. If
‘he P

- he answers affirmatively, he is informed as to the correctness of his

onds negatively, ne is asked to type a new number sentence. If

responses. This format is more directly related to.the specific
strategy wnoj; use is promoted’ in the HINT structureoid In effect, it
e

assumes that given word problem is considered solved when an appropriate

number sentence is generated. Such a program must, of course, be
*
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closely integrated with the Number Sentence Program to assure the
veracity of this assumption. ’

A modification of this format could allow students to solve a
given word problem by writing more than one number sentence. The
student could define variables in several sentences and combine these
to form his answer. For example, a word problem with solution ? = A - B
+ C could be solved with the sentences X = A - Band ? = X ¢« C. As is
the case of the proposed format, each of these formats could be
implemented with either nuq&grs or witﬁ'élphabetic symbols which
correspond to numbers.

All of the above formats have been tentatively rejected>on the
basis of experimental tryouts for feasibility and the format's
hypothésized relationéhip to the program goals.. They are, however,
still under consideration for use in some manner. For example, it may prove
beneficial to program more than one format and utilize them at
different stages within the curriculum. It is hoped that additional
study will aid in the ultimate choice of program format. '

/
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6.01

EXPERIMENTAL VERSION OF THE WORD PROBLEM PROGRAM

4

In the winter of 1972, an experimental version of the Word
Problem Program was created. In this version, the prograﬁ generates
and displays word problems on demand in the format described in
section 5. The purpose of this section is to describe some technical
aspects of the experimental version and to present~ some sample protocols
of the program in operation.
The existing program types the specified word problem and allows
the user to perform calculations, insert his dwn numbers, or ask for
hints. The facflities to present hierarchical sequences of problems
“and to judge which level of problems to present néxt have not yet been
programmed. The program is written in a high level interpretive
language which is extremely well suited to program development,-but
unfit for use in the school environment because of its slow operating
speed. The program is thus being rewritten in a high speed compiled
language for school implementation. \
The program generates word problems using a technique of item
form generation. Certain words in the problem are left variable, i.e.,
at generation time’, they may be chosen randomly from lists of appropriate

words. For example, the NAMES list contains as elements the names:

' Lucy, Sue, Barbara, etc., and the BAG %}st contains: bag, pile,
collection, container, etc. By using open grammatical sentence
structures, many different problems can be generated from one item
form. In the examples of item forms that follow, the variable elements )
of the form are written with the names of lists contgined in paren- -
theses. This notation means that a word is to be selected at random
from the named list. When suffixes follow the name of the list,
they refer to different elements: (NAME, 1) means o seleét one
element from the NAME list, and (NAME, 2) means to select another
element from the NAME list that is different from the first chosen.

If the same number appears twice in the item form, it refers to the

same element already chosen, and not to a new random element. Two
part lists also exist in which the first and second parts of the list

are related in some fashion, e.g., singular and plural of the same » 1

word. Thus, (GRQpPS, P1) refers to a randomly chosen element of the
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first part of the GROUPS list, and (GROUPS, P2) refers to the
corresponding second element. (PRONOUN, 1, NOM) refers to the
nominative form of the pronoun for (NAME, 1). Thus, the symbolic
form (NAME) (OBTAIN, P2) (A) (OBJECTS) could be translated as JOHN
HAD 18 BALLS or as MARY FOUND 4 APPLES. The following are examples
of item forms from two of the existing 14 classes:
(1) Class MM (Multi-Multiplication)

EACH OF (A) (GROUPS, P2) (GAVE) (NAME) (B) (BAGS)

OF (OBJECTS). HOW MANY (ONE6TS) DID (NAME)

RECEIVE IF EACH OF THE (BAGS) CONTAINED (C)(OBJECTS)?
(2) Class A/M (Addition/Multiplication)

(NAME, 1) (OBTAIN, P2) (A) (OBJECTS). IF (NAME, 2)

(OBTAIN, P2) (B) TIMES AS MANY (OBJECTS) AS (NAME, 1),

HOW MANY (OBJECTS) DID TIEY (OBTAIN, P1) (ADDWORD) ?

At present, approximately 125 item forms have bﬁﬁn programmed,
each with the capability of generating thousands of unique word
problems. These item forms are divided into 14 classes on the basis
of the operations and number of steps necessary fo¥ solution. In
' the following sample protocol, the first problem has been génerated

from item form (1) above and‘the next two werecggth generdted from

Wy .
item for (2). As before, thég?tudents responses are underlined.

L4

EACH OF 7 MEN SOLD BETTY 12 BOXES
OF CANDY BARS. HOW MANY CANDY BARS DID BETTY _
RECEIVE IF EACH OF THE BOXES CONTAINED 10 CANDY BARS?

GIVEN A 7
GIVEN "B 12

" GIVEN C 10
*** AXB " AXB D 84 -
**+ DXC DXC E 840
#** ANSWER E ANSWER E  GREAT!
ANOTHER?

*** YES




'Y

e

BILL FOUND 23 STAMPS. IF JANE
FOUND 6 TIMES AS MANY STAMPS AS BILL,
HOW MANY STAMPS DID THEY FIND TOGETHER?
GIVEN A 23

i GIVEN B 6
LA 2 HINT
HINT: THE PROBLEM ASKS YOU TO FIND THE NUMBER OF
STAMPS THAT BILL AND JANE HAVE, TOGETHER.

DS éég A+ B C 29
*+* ANSWER C ANSWER C WRONG ANSWER
se* HINT

HINT: THE PROBLEM IS SIMILAR TO THE FOLLOWING ONE:

IF JANE HAS 6 TIMES BILL'S 23 STAMPS,
THEN BILL'S STAMPS PLUS JANE'S STAMPS = ?

*** AXB AXB D 138
*s A+ D A+D E 16l
s** ANS E ANSWER E  GREAT!
ANOTHER?

wee YES

}
JUDY BOUGHT 9 PEARS. IF SALLY

BOUGHT 15 TIMES AS MANY PEARS AS JUbY,
HOW MANY PEARS DID THEY BUY IN ALL?

GIVEN A 9
GIVEN B 15

ess INSERT 135 '  INSERT C 135
sev A4 C A+C D 144
e** ANS D ANSWER D GREATI
ANOTHER?
L X X ] NO
GOODBYE NOW
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Sister Claire McCormick's curriculum project,
developed for this course and the introduc-
~ tion and Conclusion of her Analysis of the
. - NRS Reading Program completed during her
" internship. The detailed level-by-level
analysis is lengthy and is omitted from
this report.
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Thic i5 a mrolect wderiaiet 25 wroaration for an in-
ternshin in the Reading Progren. . v LLC. There cre many paths
nf asurozch to a designctoc tesniand wolat.  The torairal point,
in this case, is entry intn a cwriculut writing or curriculum
develn=neat nroject. Trer. arce . -ny ways of Zning about an
fnstructinnal tssc, of facilitat’ iz the progress of the student
“ror there he is to where re wan.3 to te. The strategy chosen
rere 15 that of rndeling. '
The mndel in this insianee 3 a small,sesmeat of the raterials
nf level:? nf the \w Read. ¢ v ten. Iron level 8 have Deen
selected four redresentati e scy "aces written as cassette-
scripts: 3-l-4, 3-1-7, 3-7-R, «ri 3-L-A. The observation of
the mndel becomes a scruti:y 'rmic . scelts to extract from the
materials the procramming ~echnlc ues evidenced therein.

oM

The analysis of the m terinls, then, soveaks tn the problem:

8 myoyrhat extert coa scieatilic principles as develnped
in behavioral psvcyolery and applied in programmed
instructinn te uti’ izcd in designiag primary

. grades reading matcrials for incdivicualized ’

instruction? .

I+ ic intended that tie rcs ltinz analysis provide an
introduetion to work in the tnia’ oroject. This should enable
the student in enter with o~ bett.r prezaratina for the work of
the project because the ac .ivitics here exemplified have pro-
vided the needed familiaricatina.
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The content here prescnted ‘ncludes three sequences on

‘the disranh ch and one sequence i = o word families derived

from not, Et, and it. The compon at skills in clude: response
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differontintion, casocintion, (ullind. Clocrisination, chaandny,
and cancept Inrmatinn. .

. ’
TLe concepts include thesc senccoiizetlons:

it spoken sounds and

’

—e= Printed -letters (symbnls) romrccoa

nean the same tRing as the sowndu.

—m= DPrinted vords are composcé nf sou.ds-and sounds are re-
oresented by -printed symbols. )

w== Thera are root words which cinthave.endings attached.

== Thero arc word families wiic!. differ only in their initiay
LRONOKES .

~

‘

Since the program has been -ory cprefully aevelopgd,llt a
can sirmply be stcted tthat the rr rodesites for entry into the ;
sequences under study 1s success.'ul comnletion of the prinr
sequences. For entry into the zoogramn there a?s nokregulye—
ments specifically related to .o dir . The child who is ready
for first grade in an American c.iy schonl should be ready
for this program.
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, that follows are four separate analyses of the four cas-
. sette-scg}pts mentioned above. .
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‘The elf namgd Nit

is sitting in_ a pit.

S “That's the lamp I lit.”

Said the littg elf Nt
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Cacsettc Script 3~4-A
Response Pages 133, 134, and 135

A's cheek to cee that you o on the richt pasce You chould see

“~5-£ in ithe tox at the icp cf yeur nazz. (2 SECOND PAUSZ) If you see
5-'~A in the box, yg@ are on the rizht page amd we can begif. (1 SECOMND
P‘AQ‘SE})
Fird the box n2xt to nm:ere.l‘l. (1 secoM PAUSE)’ Point to the
letters in box 1 as I say the sounc these lctters‘make together. Ready:
/ot/.’ANow. you say the sound the lstters meke. (2 SECOND PAUSZ) The
}ettc;'s o-t make the sourd fot/. loint to'_ the letters and say their sound
outloud with me. Ready: [ot/.

| Next to nuueral 2 there is a tox with five wofds in it. Do you see

the box? (3 SECOND PAUSE) I'll rcad the words in the box, you point to

Gach word as I read. Ready by the first word: cot, not, pot, 1ot,"'£’ot.
Do you Qee what is the same cLoui <ll those words? (1 SECOND PAUSE) ALL
those words erd the same. They all end with tﬂe letters 'p_—jc_. The letters
o-t make the sourd [ot/. I'11 reac tke words in box 2 again, but this time

I want you to read each word outloud with me. Ready: cot, not, pot, lot,

!

tot. Now, I want you to read each word in box 2 yourself, then draw a ring
g / )
around the letters o-t, the lettér: that make the sourd fot/. (STOP) ?

Look at the picture of the cat beside numeral 3. (1 SECOND PAUSE) Tot
is the name of the cat pictured next to nureral 3. Look at Tot. (1 SECOKD

PAUSE) Tot likes his name so nuch he has it printed on his shirt. Read the

name on the cat's shirt with re. Fzxasy: 7Tot. Tot not only likes his name,

he likes =11 [ot/ words. Tot's favorite words ce all of the [ot/ words in

box 2.

Go to nureral 4. (1 SECOND PLUSE) There's a two line rhyme next to

nuveral 4. ‘oint to cach word as I recud thie rhymz. Ready by the first word:
L]
The cat pomed or =w 70 2 vist ol 0o lots You can sie from the picture

- — _— el -

5
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/ ' Script 3—4-
Page 2

that Tot dozs t‘~ rk he's the bost. 111 recd the rayre next to nuzeral 4

AN
\

~2in, but when woe come to an underl -md word, you rcad that word outlouva.
&; ’ -

Ready:” The cal named (2 SECOND PAUS :) is the be st of the (2 S2COMT PAUSE).

Did you rezd Tot and lot outloud? . o
Go to numeral 5. (1 SBCQD 2/JSE) lext to numeral 5 is another two
line rhyme. Follow along by pointin: to cach word as I redd the rhyme.

. -\
Ready: "I can sing," said Tot, "ard a fich can not.™ The flcture shows a

Ifish watching Tot sing. "Make an X o1 ihe picture of the fish. (2 SECCHD

_PAUSE)  I'11 read the rhyee nuxt Lo nureral 5 again, but when we come to\

an wnderlined word you ba sure to re.d {hal word outloud. Ready: "I can

sing,® said (2 SECOND ’AUSE), "and a fish can (3 SECOND PAUSE)«" I hope you .

read Tot ard ot outloud. _ . T .

' "urnme next page. (3 SECO D PADS“‘) You should be on pa\,e one
hurdred thirt)g-four. (2 SECONJ PAUS:) If you arc on page one hundred thirty-
" .

four, you/are on tﬁe right page and :e can continue the lessonf (1 SECOND
PAUSE) |

Find mumeral 1 at ihe top of your paper. (1 SECOND PAUSE) Point to the.
lettcrs in the box noxt to numcral 1 as I coyx the sound thefe lctters meke.
weady: [et/. Now, you say the souni. (2 SECOID PAUSE) The letters c-t meke
the sound [et/. You say [fet/ vith m . again. Ready: [ei/.

Jo to box 2. (4 SECUID PLUSE) AlL of tho words in box 2 end with the
lotters e-t. The letters that cay [fct/. I'1l read all of the et/ words in

box 2. You follow along by poi.nt:ir.g to cach vord as I read. Ready by ths top

word: ret, set, lgi, nat, pot. Che%t. This time, I went you to read each word
in box 2 outloud with me. After = o:d a word, I will give you time to draw

a ring around the leiters o-i, the 1. iicrs that say [ei/ in cach word. Ready
-t , >
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Script F~b~A
Page 3
by the Lop wend inm Lox 2: he. Lo, Qrow oo ving avousd tho two letiers

{hat wmake the fet/ cownd in mot. (0 SECOMD PAUSE) Go to the next word.
Peady to read: set. Ring the leticrs {nat mako the Jet/ sourd in set.

(_3 SECO!D PAUSE) » . « next word. ieady: et . . « ring the letters that

make the fet/ sourd in let.. (3 SECOMD PAUSE) . . » next word o « « It o+ o »
ring the letters that say [et/. (3 SECOND PAUSE) . . . mext word . . . pet . .« .
ring the leiters that say [et/ in pct. (3 SECOND PAUSE) + . « last word . .« .
Chet « « o ring the letters that sy fet/ in Chet. (3 SECOND PAUSE) -

Look at the picture of t}.e norl.cy next to numeral 3. (1 SECOND PAUSE)
Chet is the r'uame\o}the rionkey pictired ne’}:t; to nmﬁeri«.l 3y Chet likes his

i

nare so much he wears it on h¥d shi:t. Do you cee Chet's name on his shirt?

-

(1 SECOND PAUSE)

Next to numeral 4 is a rhyme {}.at tells us about Chet. (1 SECOND PAUSE)

Follow along as I read tho rhymo ne:t 'to 'nunoral 4. Recady: This is Chet.

.

Chet is a pet. Look at tho piclure. (l.SECOND PAUSE) The picture shows
Chet walking down the .,treet 7ith a man. Chet is the man's pet. I'll read \

the rhym° next to mumeral }/ arain, yhen we come to an underlined word, you

read that word outloud. Ready by mumeral ;: This is (2 SECOND PAUSE). Chet

&Tf

is a (2 SECOND PAUSE). -

Go to numeral S. (1 SECOND PL.3E) Follow along as I read. Ready: The

-

V. sct. ke nan is sinzinz to his pet. The picture shows the

o
—— .—M.——-————

E
-
[4:]
lO
()'
)
-3

n singing to his pect. }@ke an X .n Chet the pet. (2 SECOND PAUSE)
Turn to the next page. (5 SEC KD PAWSE) Check to see that you s.e on
page ono hur:i:e?d th:‘rty-fivé. (2 s..covtk PAﬁSE) We czn continue the lesson
if you are on page ono hmrh ed thir y-five. (i SEC(%.(D ..JsE) | i

Fird nureral 1 at the ton of y. ur page. (L SECOMD PAUSE) 1'11 say ihe

sounc the leilers in box 1 make. Lgslen : Jit/. ‘Yow, sou say the sound theso

Q . -
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Do you'see Nit's nawe on his shirt? (1 SECOXD PAUSE)

it pointing to ihe laup he 1lit.

' ; Script =4 .,
Page 4

¢ ¢ ‘ ’ ‘ /
letters make. (2 SZCOND PAUSZ) oo lodters i-i make the sowd /it/. Soy
[/,

Go.to box 2.1 SECOND PAUSZ

tle sowrd with me again. Rcady:
4 . .

I'11 read the words in box 2, you follow

2long by pointing to each vord as I reod.

Ready by the top word: sit, bit,

fit, pit, lit, Kit. All those wopds ord the same, they erd with the /it/ sourd.
The [it/ scurd is made by the lotters i-t., You make a ring-arourd the letters

in each word in boz 2 that make the [it/ sourd.  (STOP) let's read ihe words

in box 2 outloud together. ‘Ready Ty the first), wgzjd: sit, bit, fit, pit, 1it,
rit. " Now, read the last word.in thls box outloud by.‘yourself; - (2 SECOI.\KJ |
PAUSE) lit i:g/ the last word. }it ls the name of thé elf pictured next to
mmeral 3. Look at Nit. (1 SECOND PAUSE) Nit wears his name on his shirt.

. ﬂ _
___Go_to mmeral 4. (1 SECOND PLJSE) Follow along by peinting to-ea.éh word-

\ 7 o « .
as I read the rhyme next to numeral 4. Ready: The clf named Wit —- is sitting..

in a pit. The picture shows Nit sisting in a pit. (4 SECOND PAUSE) Do you
see Nit sitting in a pit? (4 SSCON) PAUSE) 1I'll read the rhyme next to

mreral 4 again.' Vhen we core to a2 urderlinéd word, you-read that word

outlopd. Ready: The glf mer:d (2 'ECOM® PAUSE) is shtting in a (2 SECOND :
LAUST). If you read the words llit .ud pit, jo\u were. exactly right. »
Go to numeral 5. (1 SECOND PASSE) I'1l rcad the first sentence, then

you read tho scconmd sentence yowrce f. Edady: "That's ihe lamp I lit." I!ow,'

you read the secord sentence outlow. by yomirsclf,\ (‘STOP) Did you read the
secord sentence outloud? This tite. rezd both sentgnces outlowd with me.

Ready: "hat's the lomo I'1i%."

S id the litile elf Nit. The picture shows

You make an X on the lamp that Nit lit.

.

(3 SICCiD rALST N

¢ ~/>. . .,

Cocdiye.

05991

That's all for ihis lesson.
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In this ornject I have atten ted to cxiract sirply by =,
observatinn nf the materialsy, the objectives, skills, and’ “ech-
niques in four sevarate cassette- .Fi Lo UL'CLS. The midel |
e.plnycd for tnis analysis is a’y riation of tho.presentation
mndel nf Tosti and 5all as delinc ted in their article, "i

“ehavinral Anpronach to Instruciin. al Secipn and iledia Sélectian", ¢

AV Co unlcatlon Revieu, Vol. 17,

.

The mo¥t impertant var: of £ ame ic tie respgnse it'evnkes.
lithin the small scnpe nf tlese frur sequeaces th types nf
response called for have ben man, and varicd. An|inspectinn
of the analysis will shnw this.

°

an. 1, Spring 1969. oy

The final test nf curriculum 1a’ ials i6 in the empir-
ical tryout. Likewise, in « syst...atic apornach o curriculun
develnorent nn serment can %e ‘.d ed accur-tely apart from
its relatinnship to nther element. (teacher input, gamegs,
Duvzles, and bonks). However, i hin the confines nf these
.carticular materials there :eems "» be o systematdc apprnach
derlved from scionce cnunled with a variety and a._eal to
children which indicates tho apti:try of the designeer. ‘

—

These materials lonk viry oncd to me, and I am looking

forward to working in the progran.
il K .
. f )
\ ' o
- .
o
[y ! N -
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"Not until the middle of the next week,
however, did a nontridial icdea emerge. ... .
Suddenly I realized the potentially profound :
implications nf a DNA structure in which .
the adenine residue formed hydrogen bonds :
similar to thnse found in crystals qof pure 7
adenine." -
James D. Watsnn in , - .
The Dnuble Helix '

/7 ) ! !

The challenge of this new age is to
create. . -
Rnllo May
November 15, 1972

2l

. We must learn to see everyddy things

in new ways. L /\

- . La:{ishus Orsy.
— November 18, 1972.




SECT!ION Ei
~
Introduction
Thia project was undertaken during the third semestor of
throe-semestor trnining program in curriculum dqvelopment.
 The training program presented the students--~potential curriculum
developers---with a systems mode} for curricuiqm develnpment.
The model had general applicatinns to almst any area of learning
and instruction. The purpose of the first year of the training
program was to enable the students to build a knowledge base for
the productlon of instruc£10n11 mntorial? in a subject matter
field or discipline of thgir choice. )
The purpofe of the project present;d here was to provide ‘
the student with some prefamiliarization for work during a sec=-
ond year as An intern in the Readiné Projectint the Learning

Research and Develnpment Center of the University of Pittsburgh.

My choica of reading as an area of on centration stems from
three factorsz 1) my plnns\for future i volvement in the problems
of urban oducation in the United States, 2) my perception of -the
aequisition nf reading skills as onne of the central problems of
ﬁrb&n'séhooling; and 3) my past experience as an elementary
aihool teacher and later as a teacher of Latin in secondary school.
A1l of thes;‘fnctors provi@e motivation as well as some of the

~

reqyifed skills,

196
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The Problem
9
»' The term problem is used here in a more géndral sense than

1£ oocurs in the literature of experimental design or in works
devoted to the develnpment of theory. This project addresses
itself to what might be considered a g¥al-of research in education:
the application of scientific theory to the development of edu-
eation{},materialg. ‘?his project 1s nelther an experiment nor an
" explication of theory. Itkis an analysis. of oduca&iomi materials
. which were proddced 1n=accordance with theoretical principles.
Ir educational design is considered as an exporiman?, then this
project looks at the completed experiment and analyzes it for the
elements assumed by the theory from which the experiment origin-
ated. |

&
_ The structure of the New Reading System (NRS) was presented’
-' to the staff of the Loarniﬁg R;soarch and Development Center by
jurs. Isabel Beck, 1t§ designer, in the.spring of 1972. It appears
in written form in the docyment "The'Rationale';nd Design nf a
Primary Grades Reading System for an fn&ividualizqd Classroom®
by Isagel L. Beck and Donna D. Mitrnf‘. Thgse two presentations
represented a synthesis nf theoretical knowledge of the reading
process 1p¥o gorls and- guidelines for actual practice.

In order to address the more general problem of theoretical

applications to the design of educational materials, I chose a

196 °
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rather specific task. This task can be described as follows:
to analyze selected sets of rosponae
sheets with accompanying tape scripts

from level 3 of NRS for the program-
ming techniques utiliged therein. ) 9

Since this was to be nn in-dep@h study, only Your aet& of rQSponse
shests witb their a mpanying scripts were selected I hopod '
to come to understand and to appreciate the design for NRS/;htch
already existed. I needed to irffer the theory which guidod the
development of these specific samplea of the materials, nnﬂ to
understand, as far as possible within the 11mitatdnna -of time

and expertise, how and why these mater jals worked. »Implicit

in the task nof this project was the eoncomi tant ‘task of construét—

ing a scheme for carrying out the analysis.

Description g{_VRS ' ' _ ‘ AN

2

-

The Néw Reading System is juﬁt what its name implies, a
gxg&gg for leaghing and instruction in reading. It differs frogk
the traditinnal reading programs in that it develops in a related
and inter—dependent manner a large ard capable-af -teing-added-to
number of compongnts. Accoféing to Chall's study (Chall, 1967),
which was completed during the: fear; 1962 to 1965, the fcomplete
programs” included nothing more than textbooks and exorcise mntar-
ials for the pupils and guidebonks for the teacheg. While "sup-
plementary* matorials of many types rmay be used with thbso $o-

called "complete” programsr thnre is no over-all integrating

197 ,
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design. The integration, if any, must depend upon the ingenuity
and time availability of the teacher to plgﬁ and to implement.
The New Reading System come; the teqnher as the artifuct of.a

carefully structured systems d sign.

thsG’??BtQE: or environmental characteristies of NRS can

be both everwhelming and elusive to the uninitiated. The observer
q,rdly knows where to begin in order to really “see" what is there.
Viewing the system entails looking at it "in its entirety with
/all of its raﬁifioupions, with all of its interior inte;nc;ions,_
,Hith ull of its connections, and with f&ll cognizanco of its

placo 1n its context." (Mood. 1n Richmond, 1970} As an aid .to
undoratnnding the structure of NRS and to placing the analysis
uithin the structure of NRS, a chart highlighting the essential

features of NRS is presented in figure #1.

Inr the first two levels, those preceding the segmermtts to
be analyzed in this paper, the most important strategy is the

ulgbrithm for the blending chain, "The strongest advantage of the

~ blending chain is the precise informatinn available to the felcher

in terms of locgilhg an error."2 The entire co eaking approach

mnﬁqs the generative principles nf the language dfrectly available
to the child.’ Thus the child is givén an early tnol for word

attack:
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"Once the child enters Level III, the cassette becomes the

pr}mnry vehicle for the éweaahtltion nf new matorial."u This
nenné‘thnt during the preceding two levels self-management skills -
have had to be developed. It also means that-at the beghnning of
Level III the teacher assumes a new rnle, that of "traveling
teacher”". The teacher's task now is to guide, motivate, rein-

force and tutor.

The strategies and conventinns which formed an important
aspect of the teacher's role during Levels I and II are now su#-
sumed into the cassette-led instructinn. The major learning in-
teraction shifts from the teacher presentrin the classroom to the
master teacher made present through the design of the matorigla,
the tape and response sheets. Thus a continuous cofmunication
and enntrol can replace the intermittant and less structured
guidance of the traditiénal'rpadiﬁg clas;room. What hdbpens nf
Level III is thé implementatinn nf A‘man-machine system; 1.9.3

a learner, a program, and a teaching machine (the cassette tape

{

recorder).

i

: ¥
At this point system conventions assume a strategic impor-

tance. "System conventions are the arrangements of frames, the
directions to ch}ldren,<a@d the. types of respnnses children must

m.ke."5 It is here that both the scientific soundness and the

N
.
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Thenretical Base

of technnlngy tn the design and

artistic inventiveness of the designer in implementing the pre-
ecribed design decisions are evidenced It i4s here that the poueé
of the Program is critical. The critical nature of these c7ﬁ‘en-
tions is examined in this analysis.

F 3

eYelopment of curriculum naterials.v
Educational technology has been fined as "the application of
scientific knowledge abnut learni g, and the conditions) of learning,

to improve the effectiveness and efficiency of teaching and training.”6
Scientific knowledge about learning has been derived from labor-

atory experiments of psychologists and finds expression in various
learning theoriee. This prnject is concerned with the contribu-

tions of theories of learning to the design of instruction.

14
/

N

Bruner’ has contrasted the nature of learning theories with
that of instructinnal thenries.. He identifies a theory of learning
as descriptive and a theory of instructinn as prescriptive.

Learning theories fall into twn main categories: 1) those concerned
with controlling the stimulus or creating the environment for !
learning, the behavinral theeries; and 2) thcse concerned with

the internal prncesses, the cognitive thenries. Thenries of

201
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instruction derive from theories of learning and are, because of A
the primitive stage of the development of both types of theory,

.

pfoﬁ;bly ba;t described as eclectic. /
\ L‘ N
A theory of instruction is a normztive theory in that it sets
forth rules® concerning or specifying the most effective way of
achieving knowledge or mnsteri?éfskills. A theory of instruction
establishes a criterion and then states the conditions for meeting
jt. Theories of instruction have practical application wherever

the teaching-learning process is in effect.

A sclentific approach to education produces procedures with
predictable effects. It provides the kind of control of the learn-
ing events which comes from plnnning and deliber.te design. One
form of planning is the specificatinn b£_ggals and objectives.
VObjectives identified as t;rminal for a course or program can be
" still further analyzed. Greater specificity‘nnd detail provide
the guldance needed to connstruct or i chnose particula: instruc-
. tional itens. Th:xtype of objective ‘nrms a guide t& the creation

of very fine-grain increases in pupil competence.g

The programmea inst<:ijiin movement has this strong behavioral »
orientation. Its development-is traced through Pavlov's classical

conditioning to B. F. Skinner®s operant conditioning as well as
f '~
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™
throughvtho ﬂe;elnpment of the first teaching machine by Sidney
Pressey in the 1920's. Instructional programs for use in schools,
however, are a phenomenon of only the last decade or so.wxi Adapta-
tiong of mnée formaf'pencil and paper programs as well as the
develnpmgnt of the concept of an instructional system is as yet
a new and rare phenomenon for the pr;fessional educator.v Today
programmed léarning is only gradually coming to be viewed as a
prncess rather than a‘product.“)The products should developed to A\

facilitate the total process. \

. The puirpose of programming is to mnximize the rate of Jearning,

the length of retention as well as to enhapce tﬁp motivation of the
studant.ll Teaching implies first and fofemost 8 human }nteraction.lz
On the part of the teacher this interaction involves‘a contrnlling
role, a facilitating role and a content development role. In

addition, the teacher performs roles which can be identified as

- personaily responsive and positively or negatively affective.

A carefully developed program should subsume\¥hgafirst three func-

tions of a gnoed teacher.

For optimum efficiency of a program, continuous interaction
is necessary. By designing the instruction through a master
teacher it is pnssible tn take the planned instruction of a single

teacher and implement it for a large number of students. “This
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makes négsible the best available conditions for learning and

instruction. This type of modification results in a man-machine

.

system. Once such a system has been conceptualized, what is

‘—n;;ﬁh'y 13\ to optimize the mn;machlne functions.

N | -

There are three critical ay.sbem functions: 1) the cue fynction;

i.e., the stimulus to which each criterion response is attached;

2) the motivation \function, eliciting the desired peg{omm;xco;

:nd. 3) the feedback functidn, providing immediate knowledge of
- results.’? an important|characteristic of successful mstr_uetionnl

2o ) :
theory i that it is conceived with particular reference to the

role of student response-lb In applying these principles to a

particular segment of curriculum materials, an educator needs some
facility in determining the type of response which the T materials

have been designed to elicit.

»”

when an individual responds in a certain way to a given stimulus,
' that stimulus 1is Said to control behavior. A primary objective
of cational technnlngy is’ the guid‘ance of anlindivid\bml's
14:808. To accomplish this, the instructor must first define
and enumerate the responses he wishes 1o produce. He must arragne ’

3

stimulus conditions which will result in the desired response,

P

and he must decide the response consequences. Teaching r'equir?
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the establishment of successively more rigornus standards for

1z

) , \
the learner's responses. Thus the sequencing -of stimli becomes

’

€

another important task for the designer. "
' \

' “ 6nce the c'ri‘beria or objeétives of a sequence have been set, '

the construction and sequencing of frames -can begin. The olein_ents
of a teaching f'ramc; are: stimslus , prompt, response and reinforce-
ment. Eaéh of these ‘elemoir._xts can be stt.died,in detail ahd in
relationship to oné }&not.her. However, it shoulq be kept in mind
that the most ‘1mporv1’.’a.n:t part of the éramé is i’.ho response it evokes.

' Mere.&j

Frame constructibp is a2 méttgr of behaviorgl guidance and not ondy

& matter of subject matter exposition. The purpose of a frame is

to let a response occur. A
: Q

The basic principles of programming can be summarized in
these five: statements: ’ .
1) Perform a behavioral analysis.
2) Provide for continuous active responding &
3) Provide for irmediate confirmation of response -

4) Allow for self-pacing and small steps (a relative term).
§) Perform a validation of the abnve steps.

Possibly the most effective reinforcer‘ in a progra.mméd sequence

: 16
is successfully doing things which could nnt previously be done.

.

Since the response is crucial and behavioral theory from

which prngramming techniques have evolved sixriply surrounds the

N,
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”
response with the relevan{ nbservable eldﬁbnts. it is necessary
and prpfitable to resort to other theorists for a closer study
6fvthe resp?nseliﬂself. Gagﬁé’has probably done -more thah any

v
other cognitive psychologist tn analyze the types of responses

produced.in a learning situation. As an instructional psycholngist,

Gaghé'has produced a scheme for the analysis of cognitive skills
which relates behavior as closely as possible, within the limits
of present knowledge, to the cognitive processes required to pro-

duce the desired behaviqr.17

~

¥

Also related tn the concepi of behavioral analysis is the

" 4dea of "learning hierarchy". GanJ used the term as early ag f

1962 tn refer to "a set of,spocifiod intellectual capabilities

having, according tn thenretical consideratinns, an ordered re-

lationship to each other." % This aspect of- instructional theory -

requires the learning technologist tn examine in a véry detailed
manner the type nf cngnitive activity which a rgsponse to a speci-
fic frame nr set nf frames (segment of instructional materials)
elicits.A The value nf a learning hierarchy tn thé'instructlonax

dési%%ér has alsn been well-stated by Gagné'himself. "lhat it

(a learning hierarchy) represents is the most pronbable expectatinn

-

of greatest positive transfer for an entire sample of learners

% 2
L
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‘ eribed above.

L

concerning whom we know nothing more than what specifically rele«

vant aidlls they start with."13 Since ‘transfer is the ultimats

test of successful learning, any scheme w~hieh Qnables the designer‘

- 0 anticipate transfer is certainly a powerful technique.

-

The analysis carried out here had three partsg 1) the be-

havioral objective fyr the segment was:-induced from. the materials;

.

2) the cognitive sid in accordance with the scheme of Gagne

were also induced from the materials; and, 3) a detailed analysis

of the elements of each frameA waQ made in accordance with the

model displayed in fig.mﬁ 2.

( .

What follows is a four-part appliction of the analysis des-

\
Since the mndel developed as the project progressed,
the first segment's analysis is somewhat different from that

of thg next three. A discussi’.lon and conclusions follow the detailed

analysis,

S
-
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- MODEL YOR EVALUATINO RFSFONSE .
' PAUKS IN A PROGRAMMED LIARN=
ING SEQUENCK FOR READINQG

<., .
. v l/’

.

Assumptions: The population characteristics

and social context are knewn
to the evaluator.

PROCEDURE

e=e==Induce the behavioral. objective from the
mlterials.

]

eeee=Induce the cognitive skills required to
respond to the materials.

--—~Analyze the individual frames or groups
of frames for:

«Stimulua

«Prompts

«Response -

.Management Elements

See model in figure 2.
.0..............;...’.........‘..............;...
The purpose of the énalysis is o

provide the evaluator of curriculum materials
with enough information to determine the quality
andlintensity of learner-interaction required by~

the‘mAferials.

209




° ) Section VI
* &
J
, <
’ . ‘
DISCUSSION
1
<: - In this pébject, attempt has been mnde to extract by ". o : 5

observatioh the objectives, the skills, and the programﬂing techs
’.plquea implicit or explicit in selected sets of 1natrgctional
.materia}e of NRS. The materie}s in question are fouf separate
éaasette-tipe sequences from Level III of NRS. These materials
- form only one eequence and a small part of another sequence (that
concerned with the teaching of linguistic word patterns) from a total
of ten such 1nstruct1enel sequences in the whole of Level III. In
turn, these 1nstructional sequences form nnly one enmponent in the total
e system. Hence, the analysis performed here is indeed an ‘in-depth one.
It deals in,x very detailed manner with only a very small sector of one _
level (out of a proposed 16“1ev61e§rof the entire‘regding system for .

primary grades. : ~ ﬂ‘

Man-Msbhine System

Since the concept of sy;;em in educatinnal technolngy is com-
paratively new and p;ac£1¢nléy untried, there are no standard methods
for asseeaing the produets'emerginﬁ from the application of a systems
approach tn.the design of‘inst;uc@ion. Therefore, in order to clearly
understand what has been produced,‘it'is‘necessary tn devise some sort

of scheme. The purpnse of such a scheme is tn enable the observer

e
.

2‘10 ‘ ¢
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. : ’ .
(examiner) tn» become aware of thé interrelatinnships within the system
and of the types and intensities of the interactions of student with

script and response sheet.

Placing the script and response sheet within the context of NRS
a8 a whnle should also make the observer (exéminer) aware gf the inven-
tio; of alaimpla but potentially powerfﬁl man-machine (child-cassette)
learning system. Such consideration should @mphasize the broader ap-
plication of programmed learning which is employed wh;n th; concept
is extended to encompass an entire system, or better a learning en-
vironment. Also evident should be the greater possibility for diversity

of materials which a systems apprnach allows.

4he scheme devised for this analysis applies only to the segments

" of cassette-led instructinn nbt tn the system as a whole. However, it

\
is necessary to have some concept nf the tntal system in order to under-
stand and appreciate the scheme used in the in-depth analysis. The
purpnse of the scheme is to show how and why the materials facilitate

learning.

How the Materials Work

The materials work, first of all, by means of c¢riteria or objectives

which are derived from a very fine-grain analysis of reading behavinr.

The objectives extracted from the ,observation of the mater-

ials do match the designer's objectives.

211
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These nbjectives (see figure 4 as an example) are aimed at very small ’
§emonstration§ of skills’which in combination result ‘in fluent read- 1}’ .

ing behavior. The materials work by triggering student interaction

wi%p the vnice nn the tape and at the same time with tﬁ; printed and
pictorial material on the respnnse sheets. The mgterials are cortruc-
ted so as to provide a review or. remedial sequence for those who need 1it.
The student also has the optinn of mnvihg as rapidly as he can througﬁ.
the mategials since heléperates the machine himself. However,mnst
importantly, the materials work by making available to every student

at the apprnpriate moment the expertise of a master teacher whn has
designed a rigorous strategy to contrnl student response sé as to
ﬁroduce reading skill with maximum effeciiveness. Finally, this design
should free the classronm teacher for persﬁnal roles of interactlon

with students in the day to day contingenist.

r .

-gﬁl the Materials Wnrk - .

It is difficult to separgte the "hnw"jhnd the "why" i% speaking
nf the operationé invnlved in the use nf &he materials. Hnwever,
: Y

it is pnssible tn say that the materials wnrk fnr these reasonns:

oo
1) The s‘udent knows immediately whether his response
was cnrrect. :

2) Results are predictable from ihe very detailed nbjectives
generated for the program.

3) Expert task analysis and careful design and editing have
preceded production. '

L]
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4) Small skills are very carefully sequenced, then combined,
énd finally practiced to give fluency.

§) Careful concideration has been given to knowledge of
population (learner) characteristics and the type nf en-
vironment most cnnducive to the learning of these ski}la.

Finally, the materials work by means of rigor and pny-off'for the

learner.

The Scheme
The scheme has be;é devi;ea only for analjsis of response sheets

with'accgypanfing cassette-tape. Greater emphaéis has been placed on

the response sheet than nn the script. The tape does, however, serve

/ ;

a vital function in theccassette-ied instruction and its importance

should be pointed up here. Research has shown that children of kinder-
, garten age learn to rdad better when they have a mo&el; i.e., these
children benefit in a special way from 1i§t§ning to oral reading.

The scheme is complete for the purpose for which it was devised.

, However, its limitation is that it allows thefanalyst to glook at only

a limited segment of the system.and thet it has not drawn sufficient
attention tn the oral presentatinn tichniques on.the tapes. A much

more complex Scheme is needed to viev the system in all of its inter-

" relationships.

The scheme does servs to :how that the purﬁcsé ofthe
study was accomplished. Concur *ent validity was -establzshed
between the objectives and skil .s observed through the mater-

{als and those presented in the>rry by the designer

214
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T CONCRUSIONS  -. ‘

L
. A dareful annlysis of the materials for the usé of programming
techniques reveals both vnrieiy of type of response as well as’
careful sequencing in order to guide the ‘learner to the achieve-

ment of the learning objective. ‘ .

\«

Not only have scientifie principles of  programming been employed
but they hnve been used with the artistry that is neelded to \
produce. a successful program. '

e Attention has been paid not onl& te.cognitive skills but also to

, the affective types of responses.
’ The use of the tape-cassette enables tﬁ; child to learn from

listening to a skilled reader who ncan convey more meaning than
an unskilled reader ean‘grasp for himself even in identical words."

The use of the tape recorder also capitalizes on the child's

spoken vocabulary in a speE1ai way.
NRS gives evidence of ‘the value of a broader concept of* programp-

mng than that of programmed books.

Possibilities for Further Study

- . - _
Since a systems design changes the role o& the classronm teacher,

further analyees could be performed to delineate appropriate
teecher behaviors, especially those involving the ppplicatinns
of psychological.}h{§:}ples and interpersonal relationships

¢

within the classronm setting.

210
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Studies in concept formution related to the developmental level
"of the Fhild may proyide valuable information for more skillful

instructional design.

kY

Studies in greater depth and extensiveness could be done on the

utilization of systems convehtions in a ﬁ&gtpachine system.

+

- Studi;s could be done to produé% criteria for: relevancy of response,
"prgblem” worth of sequences, and probability of success of given
sequenc | ; ' ' .

Studies could be doné’to det_imine the existence of appropriate

§

practice conditions in seqﬁénces of instruction\gﬁita Glasgow,

1972)- . . - //“

Concluding Comments.

~ Wherep prediction becomes more precise, a corresponﬂingly pregise
method of evaluation for decision-making becomes mandatory. One type
of evaluation occurs during and after actual use of materials by students.
Ho;ever, annther type 6} evaluation should occur before the materials
are completed for production and this same type of evaluation should
be capable of being performed by/for potential users or buyers of
materials. Ulfimately a scheme such as the nne presented here might
be perfected to serve such a function. In the future, instructional
iechnblogists, engineers and analysts w'ill be needed to perform evali-

uative nperations on instructional s/stems and on the materials which

form essential components of these s/stems.
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Cartoons designed by Tommye Whiting,
(during her internship at Frick School,)

to test and teach observation and analysis
of ®ocial interaction. The cartoons are
part of an instructional sequence  developed
for thir% grade social studies.
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' SMART LISA AND JIVE KENNY *
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Hey, | bet | can
, beat you at a game of
SNAKE.
R
d-l/"-“:?’ ‘-"/i:.\ y
o can’t,
I’ show you.
{
v ~ - ,
' Q "
. 222
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Aruitoxt provided by Eic:




I want to spin
the dial first.

223

137




lose your turn.

| get to move 4 spaces.

-




Rhyme, slime, what
a crime. | don't have to

give you no rhymn.

| thought you said you'd

played this game before.

205
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Aw ! Who wants to \

play this game.

Now fill in what you think Smart Lisa is saying. ' 5

1

o)




“ BIG ROY AND LITTLE JOHN- "
gin

207
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Watch me get this

basket just like

Kareem Jabhar

Ah Roy, I'm tired
of watching you. | want

to play too.
j

228
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In a minute my mom‘ll call

VAV . WA

me to supper.

Y
A..A’A‘..Z A

5
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%2

R
0
KK

3
e

9
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Ve

Just wait

a sec. You'll

got your chance.
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VAN

Here's the

ball, catch |

" UGH!
P
)
.
-/ MA o

Ill
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Get up. You can’t
even catch

I'm going home
and I'm taking my

Cr
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Now fill in what you think Big Roy is saying: 5
D)
g
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it’s time for the
NFL Game.

Hey man

what you /.
watching ? / "

~———
r—
- E———— —

Bill Cosby, man.

-~——
. e ———an
— e

N L
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We're watching the
game.




Why don'“ you

go play with
your friends ?

ol

|

No,
I’'m watching

Cosby.




Mama said |
could watch
this.

237
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_ Fill in what you think the 2 brothers are saying. 6
L

-
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" THE BIG GAME

pA

239

15




—

We'd better hurry, they're
right behind us. A

Come on you

guys ! We have

- to get to the
field before the

103 get there. i’i"

~ ¢ ’i‘? 7
’ AN &/
\ // // ‘i& {
<

s
boys from Room 'zq‘@.““




" ~
But we need to
( ‘ ‘ . - 3 4
! practice. ¢
{ (v
(//|\ NEYAR 7
)
Looks hike
those kids from
105 beat us to the N .
basebali equipment again,
Guess we'll be out
in the field first
Inning.
<N
\
-\
i
'3 _
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m

batting

Did everyohe

warm up at

Hey you guys,
hurry up. We're

ready to

start the

game.

242
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ight !

We don’t The period will

have time ( be over soon
for you

to warm up.

- -, 243
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We can’t play
unless we warm

sports,that’s
what you

are.

You should’ve

come on time.

244




You quys

know that we can

beat you “blindfolded.

You juit don’t want

to play us, .

Now fill in what you think the boys from 105 are saying: . 6

245
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“ LUNCH TALK ”

p'A
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Have you heard Michael

That Michael's
something else.

Jackson's new record?
14
Iy (.: s "; !
II / :
YA, 0 B s )
v, /

seats at a
tabie ?

Yeah,
over there
- with those

247
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Don’t you
just love the

No way,'
Michael’s
the cutest.

| think

Germaine's way he sings

the cutest.

Man I'm
hungry and |

Who wants

to sit with don't care

a bunch of where |

girls.

. " 248
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Looks like those boys
over there are coming YIKES!
to our table. { hope not.

. flo? By
' ' ‘( /.” (,: l\ ° ;

Ask them scared of
if we can them or
sit there. something?

249
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Let's pretend :
it we sing, | bet

they won’t bother

like we don't

‘see them,

Looks like
they dont
hear us.

Can we
sit here ?

i ' 2560
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WE'VE GOT A FRD

LIKE BEN, LIKE BEN . . . J

',
v -.&_‘
)

e

.

Man, what did
| tell you.

I'll ask
them- again.

Girls sure
are funny.

251 g
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Now fill in what 'you think the children are. saying: ' 6
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“ BROKEN WHEELS “
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Hey there’s Larry.
Lett see if he wants to

ride to the park with

1
1|

J4)
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Can’t man,

wheel’s broken.

c—

We're going t9 ride to
the park Larry.

"
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by

What's wrong
with it ?

Don’'t know. The
front wheel won't

turn.

257
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That would

e e MUY

s

can fix it.

1 bt we

look, at it.

Nvorpd r 7r 7/

8
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Now draw in the picture and fill in what you think happened as ,well as what

the three boys are saying :

d
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Field Test Students and .

Thelr Products
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STUDENTS AND THEiR PRODUCTS
The impact of the Curriculum Design and Development‘1§a1ning Project can
best be judged by its value for the students who study it, the changes it
-

makes in thelr effectiveness as teachers and the curricula they develop. A

brief review'of the field study studenté and their work indicates that the

* course appeals to.a broader spectrumfof the‘population than the graduate

education specialist for whom it was designed.
Among the educators have been teachers of‘elanentary subjects, social

studies, math, music and fine arts, speech, Ehgiish, business education,

history, physics, earth and space science, guidancé, reading, mobility for )

’the blind, and special education. There have been principals, sypervisors,

school nurses, librarians. A consultant for a national vocational curriculum

project task force, a director of biochemical technology, a superviser of
employee development, a nursing school Airector, a college instruct;r, several
community college ingtructqrs, a director‘of business education deparé&ent of'
a’ ' college, a management systems\;nalyst, several nurses, a practical nu%se

and a dental hygilenist have taken the course. Several graduate students in

Educational Communications or other fields of education from the Univers%ég

of Pittsburgh and other universities- have been advised to take the cours

e [
and one student from a State University is getting special permission to us

.1t for the last six credits, for'ﬁer dactorate although they usually must be

.taken on the home campus, sinEe there is nothing comparable offered at her

school.

. Y

Most of the field test students have been hard-workiﬁg and very 'highly

-

motivated by particular problems in their job situation demanding the skills

the course teaches. Thelr average age is 35. Several have had doctorates,

but on the other hand, one now enrolled does not have a bachelor's degree.

Most students have some graduate credits. The problem which motivated one

: 175. :2(;]s |
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[N,

high school guidance counsellor to sign up for'the course was rather unusual.
There was so much demand for it, she wanted to design a sex education course--
for parents!

The.following are some of the courses these students have developed or
are currently developing:

A community college course for students who need algebra for

-

a degree but have a weak math background. .
.Developﬁént of an entire curriculum for an alternate school
for high school dropouts (by the Director).
A liberal arts physics course with no math (sbund, opéics,
eiectricity, heat, mechanics,‘etc.)w
High school oral communications.
A combination of typing and remedial English for community
. collége students.
Personal development for secretarial studepts with emphasis
‘on-communication skills.
A short story unit for eighth grade for léarning disabilities
stﬁdents particularly.
A course 1in navigation for boaters.
Higtory of the Black Man
Writing a Research Paper
Individualization of the student-author's business education
texts to meet her revision deadlineé. L
Fundamentals of writing for New Careérs spudents at a oommun-
ity college.
Traihing courses for 1,000 professional and supervisory Qtility

¢
company personnel. (Operating Superintendent, Supervisor of

. -

Division Accounting, etc.) 289
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Individualized course in nursing history.
Basic course in use of library.
Mobility training fof the blind.
Most of these students will have impact on education beyond thg courses
they develop. One, for instance, has addressed the National Business Educator's
. Association on the curriculum model, one has conducted in-service courses in
objective writing in her school. One student, has Qorked with parochial school
teachers. One has spoken before a national association of teachers of the
blind. Several students are serving on curriculum committees. One student 1s
taking the entire‘Fourse at a very accelerated rate in order to assist in the
changeover of all courses in her Junior College to a competency base.
The students who took part in the field tests of the Curriculum Design
and Development Project course have mosE effectively demonstrated the need,
the value, the effectiveness and‘the impact of thé(?odel, the format and the

A

total curriculum package. /s
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Permission Granted by Author or Publisher P

J. Charles Jones
"Learning Theory and Instruction"

Joseph H. Schwab

The Concept of the Structure of a Discipline

N.S. Metfessel, W.B. Michael and D.A. Kirsner

"Instrumentation of Bloom's and Krathwohl's Taxonomies for the Writing of
Educational Objectives"

Lauren B., Resnick -
"Issues in the Study of Learning Hierarchies"

Carl R. Rogers4
The '"Experiment"

Judy A. Light and Larry J. Reynolds .
"Debugging Produce Testing Errors: Procedures for the Formative Evaluation
of an Individualized Mathematics Curriculum"

C.M. Lindvall and John 0. Bolvin ' \
Brogrammed Instruction in the Schools: An Application of Programming
Principles in "Individually Prescribed Instruction"

Robert Glaser
Individuals and Learning: The New Aptitudes

C.M., Lindvall
"Critéria for Stating IPI Objectives"

A.J. Nitko and M. Swanson A
"Criteria for Charting as a Technique in Instruction Design"

Benjamin S. Bloom
"Learning for Mastery"

Anthony J. Nitko
"Criterion-Referenced Testing in the Context of Instruction"

Jerome Rosner
"Application of the IPI Model to a Perceptual Development Curriculum"

Karen K. Block
"Computer Assistance for Individualized Education"

C.M. Lindvall
""The Use of Peer Tutoring IPI Classrooms'
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Permission Contingent on Payment of Fee and Name of Publisher

Robert Glaser
"Psychological Bases of Instructional Design"

"It Was Evidence--But Was It Legal?" (AP News)
"Perceptual Skills——A Concern of the Classroom Teacher?'" Jerome Rosner

Roasldie A. Cohen
"Conceptual Styles, Culture Conflict, and Nonverbal Tests of Intelligence"

Rosalie Cohen, Gerd Fraenkel, and John Brewer
Implications for 'Culture Conflict"

David P. Ausubel
The Use of Advance Organizers in the Learning and Retention of Meaningful
Verbal Material

Robert M. Gagne .
"The Implications of Instructional Objectives for Lgarning”

ey
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Permission Requested. No Response to Date

John 0. Bolvin and Robert Claser
"Development Aspects of Individually Prescribed Instréction”

Robert Glaser
"Learning"

C.M. Lindyall and Richard C. Cox
"The Role of Evaluation in Programs for Individualized Instruction"

C.M. Lindvall and John O. Bolvin

Programed Instruction in the Schools: An Application of Programming
Principles in "Individually Prescribed Instruction"

Jerome Rosner

"Language Arts and Arithmetic Achievement and Specifically Related
Perceptual Skills"

W.W. Cooley
"Computer Assistance for Individualized Education"
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Fee Paid for up to 1,000 Copies

David P. Ausubel
Some Psychological Aspects of the Structure of Knowledge
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