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Introduction

Individualized Science (IS), an elementary-school scieiice program being

developed by thelLearning Research and Development Center at the University

\ of Pittshurgh, is thé only individualized elementary-school science progrém
- presently under development in the United States. 18 is a complete program

- designed to serve children in present school grédes_K through 8.

There are ten levels in the IS program, each of which censists of approx-
imately one year's work in science. The science content of 1S is drawn from
both the biological and the physical sciences. One unique aspect of the program
is its_emphasis on the cultural aspects of science and the interactions cf
science and society. IS is a comprehensively individualized elementary-school
science program. Not only does IS provide mechapisms for a child to ﬁelp plan
his or her science activities, to manage his or her owp instructional materials,
and to take part in.the assessment of his or her learning, bﬁt it also'pravides

~opportunities for the child to make selections from among aiternative learning

resources and from among alternative units of study.

IS represents a second generation effort on.the part of .the Leazrning
Research and Developnent Center to develop individualized learning systems for
use in elementary schools. The Center's earlier efforts followed a pretest-

prescription-posttest model of individualization and resulted in the develop-
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‘l) ment cf Individually Prescribed Instruction (IPI) systems in elementary school
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mathematics and reading. Our cfforts have modified and elaborated on the IPI

model, but have remaincd remarkably consistent with the philosophy of individ-
1

ua'ization espoused by the originators of IPI.

For the purpose of analysis, we view the IS prograﬁ's learning system as
a science curriculum closely integrated with an individualized-learning manage-
ment system. The science content and science learning goals of the curriculum
reflect our view that an elementary-school science program should be multi-
faceted. The individualized-learning management system.reflects our belief that
a chlld can be'tadghf to be responsible for his or her own Iearning. In this
paper we shall examine the theoretical basis for our model of individualization
and describe the IS individualized-learning management system, which is an |

operational realization of the model.

IS Model cf Individuvalization

Individualization occurs when the learning eﬂ?ironment is adaptive,2
and, conversely, an adéptive learning environment is one which has the capability
of matching instruction to various characteristics of individual learners.
Several important characteristics in which individual learners differ are
noted in the top portion of the accompanying Table 1. 7The rﬁlatioﬁship.betwccn
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each of these characteristics and the learning environment may be briefly

reviewed,




Student Characteristics Reiated to Learning.

Intelligence is a measure of individual difference which was operationally
defined to predict success in school. lHowever, as Glascr3 suggested, the aim
of intelligence tests was to predict scholastic success in an essentially fixed
educational mode. Carroll4 has noted that intelligence measures do little more
than predict the rate at which a child will learn. Thus, for a learning environ-
ment to be adaptive with respect to intelligence, it would seem to require at
least two essential elements: first, it’wouid provide the child with a variety
of materialsfwhich utilize different instructional strategies; second, it‘would

provide a management mechanism which allows the child to devote as much time as

is netessary to master learning objectives.

Children come to any learning enviromment with different amounts and
kinds of acquired knowledge. An environment where a child mﬁst "work through'
instructional materials which are designed to teach the child skills or infor—
mation he or she already knows is wasteful of the'child‘s time and may have
negative effects on the child. It is a relatively simple matter to pretest
children for the skills and knowledge they huve already acqui~ed and then to
design their learning plans on the basis of going on from there to subsequent
learnings or other interests. An instructional system that ﬁas specified a
set.of desired learning outcomes can become adaptive to an individual's needs
with respect to acquired knowledge by identifying those learning outcomes in
which the child is proficient and providing him or her only with the instruc-
tion required to attain those outcomes in which proficiency has not been

demonstrated.




The work of Jean Piaget dembnstrates that the cognitive development of

children proceeds sequentially through definable stages. Morcover, the kinds

of logical reasoning available to th2 child are directly rela;ed to this develop-
ment.S The consequence of the child's level of cognitive develohmenc for the
learning environment can be viewed in two ways: either instruction should be
strictly adapted to a child’s level of cognitive deve10pmen;; or instruction
should be provided which will systematically influence the process of cognitive
development. Like intelligence"and cognitive style, cognirive deveiopnent is

an aspect of the individual's aptitude for ‘learning. Research suggests that the-

learning environment can be made adaptive td individual differences in. each of

-these aptitudes, either by adapting instruction to differences in aptitude or by
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consc@ously.modifying aptitude. While the implications of research are ciear,
the mechanisms by which the 1earn1ng environment can be made adaptlve to the
individual's cognitive development have only begun to be explored. The case
is clearer, as we have seen, for acquired knowledge, a characteristic in which
individuals.differ that i1s more easily understood ana for which the nechanisms

for making the learning environment adaptive are well known.

The research.or Cohen,6 Kagan and Kagan,7 and cthers provides evidence
that cercain'personality and cultural differences in individaalichildren
profoundly'affect their success in school. These diverse personality and
cuitural factors have been lumped together under the general rubric of cognitive
style. The research which relates cognltlve style to school success suggests
that, when personallty faccors (e.g., reflectlon 1mpu151v1ty) or cultural |
factors (e.g., immediate vs. delayed rewards) are not congruent with the
learning environment of the school, child fail. In consequence, two p0551b1e
routes arc suggested to ensure every child's success: e1ther the learnlng

environment must allow for the success of children with dszerlng cognitive
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styles, or the opportunity nust exist within the instructiunal system to modify
the child's cognitive style. However, as in the case of cognitive development,
the mechanisms for adapting the learning environﬁent through either possible
route to individual differences in cognitive style are just beginning to be

explored.

That individuals differ in interests is widely recognized, and the extent
to which learning environments can be made adaptive to individual differences
in interests has only practical limitations. The most important learnings
are not factual and, therefore, can be imp;rted in almost any context. The
adaptive learning environment is one which capitalizes on interests the child
currently holds'while_systematically exposing him or her to possible new areas

of interest.

A child's attitude toward school is both influenced by and influences his
or her success in school.8 Thus, any mecchanisms which increase the probability
that a child will be successful in his or her school work will in turn increase
the probability of futurc success. A child's attitude toward school can also
be improved if the child understands the instructional system and feels a sense
of participation and control in the process of learning.9 As a first approx-
imation toward the devclopment of posiéive attitudes toward learning, it would
seem wise to teach the child how the instructional system functions and to give
him or her a sense of participation in the decision-making within the system,
rather than to immerse the child in a vaguely defined system in which his or
her academic success is dependent solely upon meeting the standards of perfor-

mance ahd knowledge meted out through subject-matter instruction.



Dimensions of Learring-Environment

Intelligence, acquired knowledge, cognitive development, cognitive style,
interests, and attitudes are some of the learner characterist;cs to which the
learning environment must be made adaptive. A learning environment has hany
identifiable dimensions, and there are many possible variations within each of
the dimensions. Anyone desiring to create an adaptive or individualized learning
environment has a dual task: first, to identify the crucial dimensions of the
learning enviroﬁment;‘secand, to prdvide the learner with as many variations
within each of the dimensions as possible.

The lower portion of Table 1 identifies nine dimensions of the learning
environment aﬁd several possible yaria;ions within eaéh dimension that are |
available to the designer of the learning environment;—bé the designer a teacher -
or a curriculum developer. The hallmark of a learning environment adapted to
individual learners is that its designer has utilized as many of the variations
within each dimension as can pcssibly be accommodated. In general, a learning
environment that fpcuscs exclusively on only one variation in a dimension, or
an environment that utilizes just one varigt;on for any great lcngth of time,
is not adapting to individual differences in learners. Good teachers have long
known this and han shifted their focus accordingly. wé may also note that:
for the first four dimensions iﬁ Table 1 (Léérning Goals, Instructional

.Matcrials, Instructional Unit, Setting), the variation at tﬁc left of the chart

indicates a learning environment that is not likely to be adaptive.

In developing the IS program, we have attempted in a multitude of ways to
provide variations within the dimensions of the learning enviromnment that will
be good matches to the differing characteristics of individual learners. To

accomplish this, we had nced of a sufficiently powerful mechanism that would be
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both practical and usable in real schools. The mechanism that provides the
desired variations in the dimensions of the learning environment, that makes
the IS learning environment adaptive to individual learners, are the program's

learning resources.

Learning Resources

A lcarning resource in IS is any material or procedure designed to aid the
student in his or her attainment of any of the goals of the program. Five

goals have been specified for the IS program. These goals are listed in Table 2,
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and a brief explication of each goal is given in Appendix A. Three of the
program's goals are related to science content learning and two are related to
the student’s management and evaluvaticn of his or her own science learning.
tach of the five goals is subdivided into level competencies and the science
subject matter learnings are specified in unit behavioral objectives. The
analysis of gbals into competencies and behaviorél objeétiyes has guided the
development of the learning resources of IS that define the program's learning

environnment.

The many learning resources of IS differ in function, componenté, instruc-
tional strategy, primary scnse modality, and th¢ social setting in which they
are used, (See Appendix B for descriptions of the learning resources.) For
example, the function of the learning resource ca}led an "Individual Lesson' is
to impart information to the student. The information may be about science
content or it may describe to the student how to plan his or her learning in a

unit. Information is imparted to the learner by means of an illustrated lesson




" booklet with-an optional read-along tape.' ‘The student may read the.lesson
booklet, read the lesson booklet text along with the audiotape, or just listen
to the tapc and look at the pictures. Lessons devoted to science content
usually include a kit of manipulative materials. The instructional strategies
of the Individual Lessons are didactic and guided discovery. The social setting
in which Individual Lessons are used is not adequately described by the name.

of this learning resource: while the Individual Lessons are desigﬂed to be

used by an individual, students often engage in them together with other students.

Individuai Lessons are-ohiy*one-of-the many learpiﬁg reséurceé“of'IS.
A large variety of learning resources ié necessary to.create a.ieafning environ-
ment that provides ifistruction towar® the attainment of the several IS goals
gnd is, at the same time, adapfive to ‘the individual "differences of learners.
. Table 3 lists the names of the various learning resources of the IS program

Insert Table 3 about here.
and relates each leérning resource to the goai or goals it is designed to aid
the learner in attaining. Every leqrning resource does not contribute to.the
~ student's attainment of all the goals. 1In Tahlé 3, an X under a goal on the
line across from the name of a lea;ning resource. indicates thaf'this resourcé
provides a significant part of the instruction or is an important mechanism in

the learner's attainment of the goal.

We have noted thaf'the IS 1earning resources éreate a learhing envirbnménf.
adaptive to individual differences.in-learners. Thus, the learning resources
not only contribute to the student's attaiﬁmenf of theAgoals.of'IS, as just
described, but. they also. are the mechaniﬁm through which the IS learning environ—

ment is made adaptive to various charasteristics of individual learners.



Adaptiveness to Intelligence and Interests

The existence of many learning resources that are almost all des. ned for
rather short-term use makes it possible for every student in IS to be engaged
in a different activity at any given time. In effect, each student can design
and follow a unique learning plan. This flexibility allows each student to
progress at his or her own rate, and thereby provides an adaptive learning
environment for students who differ in intelligence. But, for the gain of this
form of adaptiveness, therg is a price; If.we éfe serious in our assertion
that each student may pfogress according'to his or her own rate, Qe must be
ready to allow for variation in different individuals' attainments of the goals
of IS. It is our view that only minimum competencieé for all students are
defined by the goals; beyond that minimum, the rate of learning and interests

of the student will define his or her individual goals.

Applying this view to the Scientific Litcracy goal of IS, we expect that
every student will demonstrate a minimum competency, which is defined by the
behavioral objectives for the mainstream units that are required for all
students at each level of the program.  Recognizing, however, that students
differ with respect to interests and rate of learning, the IS program offers the
student opportunities to select various alternative pathwady units which may
interest him or her and allows different studentg to complete varying numbers
of these optional units within a level. We do expect -each student to become
acquainted with what the gcience content of all the alternative pathway units
ig by completing a unit overview, but beyond that exploration to.enlarge
interests, the student decides whether or not fo work in any alternative path-
way unit and the.objectives that he or she attains there are the student's

choice.
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Adaptiveness to Aspects of Cognitive Style

One aspect of cognitive style is probably related to a student's prefer-
ences for the social setting in which his ox her learning takes place. This
aspect of individual differences is directly related to the environmental
dimension we have labeled "instructional unit" (see Table 1). Some students
learn best iﬂteracting alone with instructional materials, others are happier
interacting on a one to one basis with a peer or the teacher, still others
function best in a small'group setting. The type of instructional unit has
implications not only for adapting to différences in cognitive style but also

for the kinds of learning that take place.

For séme kinds of learning to take place,'éither one to one or group
interactions are necéssary. Some learning resources of the IS program afe
designed to be done by individuals. Individual Lessons, Readings in Science,
and certain Studenc Activities are examples of such resourcgs.10 Other
Student Activities are designed to be done by two or more stﬁdents together as
are Miniature Explorations and Student Seminarg. Student Conferences are
planned one-to-one intefactions betweeﬁ the student and the teacher, and
Directed Group Activities are structured interactions between one or more
students and the teacher. Thesé examples illustrate how the availaBility of
learning resources whicﬁ utilize various types.of instructional ﬁnits is a méans
of providing the interactions necessary for various kinds of learniné to occur,
as well as broviding a learning environment édaptive'to an individual diffefcnce

"~ among learners.

Anothier aspect of cognitive style relates to the strategy used in defining
problems and'suggcsting poésible solutions to the student. Some students seen

to prefer to have problems defined for them and to be told how to solve'them,
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while others prefer to be led to the scolution of a program-defined problem
through the strategy of guided discovery. Other students, whose cognitive
styie is less convergent, would prefer to use an inquiry apprbach and to

define and explore problems of their own. The three types of st}ategies-which
different learners prefuer correspond with the three lévels of inquiry instruc-
- tion that are available to a teacher or curriculum developcr‘11 Several
learning resources of IS, such as Miniature Explorations, Student Activities,
and Self-Ipitiated Independent Activities, provide students with opportunities
to experience all three levels of inquiry instruction at various times and with

different science subject matter.

In the foregoing discussion, we have illustrated some ways in which the
learning resources of the IS program provide the learner with an adaptive
learning environment where he or she can attain the program's goals. We are
aware, of coursc, that the illustrations we've given do not exhaust the topic,
.but they must of necessity suffice here as we conclude our presentation of the
IS model of individualization and turn to its operational realization in a
classroom of thirty or more students. To operationalize the IS model of individ-

ualization, we have developed an individualized-learning management system.

1S Individdalized-Learning Management System

A learning management system is a practical necessity for an individualized
scieuce curriculum which utilizes many different kinds of wmaterials. The
materials management problem becomes real when one considers the number and
variety of materials used in the IS program. Printed materials include:
booklets for each Individual Lesson, Invitation to Explore, Reading in Science
and MinEx; Student Activity cards; answer sheets for each Individual‘Lessdn,

various worksheets; Planning Booklets for cach unit, "How to . . M booklets,
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and Keys Books for each ‘level.  There are many kinds of manipulative materials,
some of which are contained in kit boxes, others in a central supply area. All
activities with a large amount of printed materials to be read by the student

have read-along audiotapes.lz

Materials management is only a part of the overall management system.
Individual learning plans must be designed. Students in IS progress at dif-
ferent rates, engage in different learning-activities, and follow different
learniﬁg seqdences. Students have different interests and have oﬁfortuﬁities'to
make choices from among available learning resources'and alternative pathway
units of study. Learning plans for each student have to be made and recorded,
and the student's progress through his or her plan Reeds to be dotumented.
Materials'have to be managed, learning blanS'formulated,';nd prvgress-evalﬁated-
for individual learners. Clearly, the total managément task is too great for

the teacher alone.

Each learner must be and we believe should be,13 actively engaged in.all
facets of his or her individualized-learning manégement. For this .to happen
two conditions must prevail: first, the learnefhmg§t be taught how to manage _
his or her own learning; and, second, provisionsvmust be made to increase

systematically the respon51b111ty taken by the learner for hlS or her own

learning. Mechanisms which assure that both these condltlons preva11 are built . -

into the IS individualized-learning management system. A discussion of these
mechanisms will be more neanlngful if the reader is familiar -with the 5pele1C 
procedures of the management system. We shall set this dlscu551on in the
context of describing a student's (Karen) progress through a Level E mainstream

unit, through a Level E alternative pathway unit, and into Level F' from Level g 14




13

Level E of IS is composed of six units. Threc are mainstream units and
are requircd for all students. Three arc alternative pathway units from which
a student may elect to take none, one, two or all three. The names and science

topics of the Level E units are:

Level E Units

JOULE (energy)
BEAUMONT (digestion)
VOIT (nutrition)

VOLTA (electricity)
ARCHIMEDES (machines)
LINNAEUS (plant growth)

During a Student-Teacher Conference, Karen's teacher briefly described the
science content of the Level E units to her and told Karen that she could

choose to start her Level E work in any one of the units.

-

Individualized Learning in a Mainstream Unit

Karen décided to begin her study in.Level E with fhe mainstream Joule
Unit. ller teacher gave Karen a Joule Planning Booklet and checked with Karen
to see if she was clear about what to do next. Karen knew that she should fill
in the heading on her Planning Booklet and then do Joule Lesson 1, thch describes
the science content of the Joule Unit and contains the Joule Unit Placement
Test. {then Karen got to the part of the lesson containing the placement test,
she was informed that she should first read through the entire placement test

and then decide whether or not to takc the placement test.

After reading over thc placcment test, Karen decided that she alrcady knew

the answers to some of the questions, so she took the placement test, She
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wrote answers for those questions she thought she knew something about: and
wrote "I don't know' f£or those she knew sﬁe didﬁ't know about. When she was
finished, Karen got the E Keys Book and compared her answers on the placement
test with the answers in the E Keys Book. Then Karen analyzed her placement
test results by following the directions given in Joule Lesson 2. Her apalyéis
of the placement test told her vhich parts.of the scienée content of the Joule
Unit she should study. The analysis is made possible by having questions on
the placement test keyed to the content of the Joule lessons. Thus, for examplé,'
Karen knew she should study the science content of Joule Legson 4, because she

could not answer questions 3 and 4 on the.Joule Unit Placement Test.

Having determined wﬁich sciéncg content she alrcady knew and which she
should study, Karen's next task was to formuléte.her learning plan.ls She was
aided in this task by directions from the lesson booklet for Joule Lesson 2 and
by information from her Planning Booklet. Various kinds of learning resources
are available to help the student learn a single concept. These are grouped

~together on the Planning Booklet under a descriptive title. For example,
learning resources available in the Joule Unit about the concept of different
forms of energy include an Individual Lesson, a Directed Group Activity,'several
Miniature Explorations, Student Activities, and Recadings in Science. This
information is provided to Karen on her Planning Booklet in the way shown in

Figure 1.
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" Karen decided which activities she would do and the order in which she
« would do them,l6 and she indicated this plan on her Planning Booklet. She
then discussecd her plan with her teacher in a Student-Teacher Conference. In
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the course of this conference, the original lecarning plan may be mcdified,
but once the plan is satisfactoryboth to Karen and her teacher, Karen begins
work. Karen's Planning Booklet has a record of her conferences with her teacher,

her score on the placement test, and her learning plan.

The science content lessons of the unit give the unit its basic structure,
and every stddent generally does those content lessons he chooses to do in a
specificd order. The uniqueness of the learning plans of individual students
is a result of the operation of two factors. First, every student does not
necessarily take all "the content lessons ih the unit,_buf only those he or she
is required or has chosen to do. The student's performance on the placement
test pefmifs the student to identify those lessons that he or she may choose to
omit if ﬁastery of the corresponding content has been demonstrated. The second
and more important factor is that the various other learning resources can be
integra?cd in many diverse ways with the content lesson sequence, Consequently,
any twozétudents in IS will rarely have exactly the same learning plans. That
is what we would expect, of course, in a genuihe.process of individgalized

learning.

Since all students studying a given science concept will take the content
lesson associated with that concﬁpt, the systematic assessment of concept
attainment has been made a part of the lessons. Thus; when Karen completes
Joule Lesson 4, for example, she also will have completed a Check Up, a short
~diagnostic test, on the science content of the lesson. Karen corrects this
Check Up herself using the E Keys Book, and shc uses the score on the Check Up
to decide if she should go on to study another science concept or if she should
do some further activities involving the concept that she is curreatly working

with. Karen gets help in making this decision from the assessment box printed -
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at the end of the answer sheet for the lesson. In the upper part of the .assess-
ment box, Karen circles the number corresponding to the score she made on the
Check Up, and below the circled number she reads the suggestions to the student
for future action. Once Karen has decidea on a plan for her next activity,

base& on the assessment box's suggestion matched to her Check Up score, she
discusses the plan with her teacher. Iihen Karen had completed all the activities
in her full personal learning plan for the Joule Unit to her and her teacher's
satisfaction, Karen took the Joule Unit Posttest. Karen and her teacher discussed
her performance on the posttest, and decided that Karen’s performance was

satisfactory and that she was ready to choose her next unit of study.17

Individualized Learning in an Alternative Pathway Unit

Karen.wanted to do an alternative pathway unit next, so her teacher
briefly reviewed for her the science content of the thrce Level E alternative
pathway units. Karen thought that both the Volta and Archimgdes units were
interesting, so she did the Unit Overviews for both of them. The Unit Overviews
provided her with sufficient information about the content of the units to make
an informed decision about the one in which she would work. Having made the
decision to work in the Archimedes Unit, Karen.began to look through the unit's
Invitation to Explofe (ITE's). Lach alternative.pathﬁay uni£ has fwo br more—.
ITE's, which contain instruction in aspects of the unit's science topic and

suggest activities that the student can do to learn more about the topic.

To devise her learning plan. for the Archimedes Unit,. Karen selected those
ITE's she would fead carefully, the suggested activities she wantéd to try.in
the ITE's, and other learning rescurces in the unit that - looked intereéting.
After making these decisions, Karen wrote out a learning plan outline indicating

the ITE's she had selected and, for one ITE, listing the activities and associated
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learning resources she would complete. At a studenf~teacher conference Karen
and her teacher discussed her learning plan, and Karen made some modifications
in the plan persuant to her teacher's suggestions. Then Karen began work on her
Archimedes Unit learning plan. Karen had several conferences w{th her teacher
during her work in this alternative pathway unit. During these conferences
Karen and her teacher discussed the science content of the ITE's, co-evaluated
Karen's accomplishments in each selected ITE, and updated Karen's learning plan.
Karen's work in the Archimedes Unit was considered complete when Karen's

learning plan had been carried out to the satisfaction of Karen and her teacher.

Following her completion of the Archimedes Unit,'Karen decided to return
to the mainstream units of Levef E. She nex£ worked in the Beaumont.Unit and
finally in the Voit Unit. When Karen had completed four Level E units, she and
her teacher compared Karen's competencies with those delineated for Level E,
as listed in the IS Teacher's Manual. The teacher and Karen agreed that Karen
had sufficiently demonstrated the competencies expected of a student who is

completing Level E, and that she could begin to work in Level F of 1S.

Learning to Manage Learning

Our account of Karen's route in individualized learning has illustrated
how the student in Level E of IS participates actively in the planning and
assessment of his or her own learning. The stude:it working in tihiis level also
has complete responsibility for obtaining all the materials that are needed in
using every learning resource and for returning the materials to their proper
places when finished with them. The mechanismé and procedufes used in IS for
managing materials, devising and documenting learning plans, and assessing each

individual's progress are basically the sawe throughout Levels A through E.
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The teacher and the student share the responsibility for carrying out the
necessary procedures. In the lower levels of the program, the iearner takes
major responsibility for materials management, and the teacher takes major
responsibility for planning, recording and assessment of progress. Gradually
and under the teacher‘s guidance, the student takes more and more responsibility

for the planning and assessment of his or her own learning.

The learning of the skills involved in managing materials, planning
learning, and assessing prbgfess is not left to chancé. Sfudehfs entéfing
Level A 6r B of IS are taughf'the basic.skills of materials management in the
Start Unit.18 In this unit, the studert learns how to use his or her Planning
Sheet.to determiné which activity is to be done and:Qhat materials are needed
gé do the activity. The student learns to match the activity's name.and number
that are printed on the Planning Sheet with the corresponding name and number
appearing on labels on printed instructional materials, kits, and tapes. As a
result, by the time the student completes the Start Unit, he or she is able to
collect all the correct materials and proceed with the activity, S;udents are
also skillful in the use of the tape player after participation in the Start
Unit. The skills involved in making choices from among available learning
resources and in comparing answers to Check Ups with answers in the Keys Books
are taught in Levels A and b of the program.19 In Level‘C, the student checks
his own answers on the placement test and learns how the placement test results
are used in helping to determine which science content lessons he or she should
study in the unit. The student also takes on morc responsibility for kceping a
record of his or her progress. In Level D, the first alternative pathway unit
is introduced and the student has an opportuinity to make a major long-term

choice for his or her individual learning plan. In ways such ¢s these, students
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are taught systematically, unit by unit, and lcvel by level,.to take more and

more responsibility for the management of their individualized learning.

We have found that students in the IS program need to be reminded
periodically of their responsibilities in managing their own learning. To fill
this need, several "How to . . .'" booklets and sheets were developed to which
students can be referred whenever necessary. These periodic reminders have
combined with the systematic identification of and deliberate instruction in
self-direction and co-evaluation skills to produce a pervading mechanism for
developing in students the competencies necessary to operate successfuily in
an adaptive learning environment. The individualized-learning management
system, which peivades the entire IS program and is integrated with the IS
science curriéulﬁm, is our means of making operatiohal the 1S mpdél of individ-

ualization in the real world of today's schools.

Our approach to individualized learning has been largely a pragmatic one,
as we have sought to create a learning environment adaptive to certain individual
differences of learners. Qur formative evaluation20 has demonstrated that
students are capable of managing their individualized learning in the manner
we have defined for the IS program. The individualizeq—learning managenent
system is economically feasible and can be used successfully by elementary-
school teachers with different personalities and teaching styles. The summative
evaluation of the IS program will determine thec extent to which the attention
we have given to individual differences in learners and the means we have used

in attending to these individual differences influence a student's learning of

science and his or her long-term attitudes toward the learning process.
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Footnotes

The philosophy of individualization underlying IPI has been described in
numerous places at various times. For example, see: John O. Bolvin and
Robert Glaser, '"Developmental Aspects of Individually Prescribed Instruc-
tion," Audiovisual Instruction, 1968, 13, 828-831; Robert Glaser, "Adapting
the Elementary School Curriculum to Ind1V1dua1 Performance,'" In Proceedlngs
of the 1967 Invitational Conference on Testing Problems {Princeton: Educa-
tional Testing Service, 1968), pp. 3 36 John 0. Bolvin and Robert Glaser,
"Individualized Instruction," In D. W. Allen and E. Seifman (eds. ), The
Teacher's liandbook (Glenview, Ill.: Scott Foresman, 1971), pp. 271 279.

The term ''adaptive education' has been introduced rather recently into
discussions of the philosophy of individualization. For us, the meaning
of "adaptive'" accords with its usage in Robert Glaser, 'Individuals and
Learning: The New Aptitudes,' Educational Researcher, June 1972, pp. 5-13.

Robert Glaser, op. cit., p. 7. : .

John B. Carroll, "A Model Qf School Learnlng," Teachers College Record,
1963, 64, 723- 733

Piaget's ideas are cxplicated in various ways throughout his voluminous
writings. A thorough account of the child's cognitive development is
given in Jean Piaget and Bernice Inhelder, The Growth of Logical Thinking
from thldhooq_ghggggh Adolescence (New York: Basic Books, 1958). In the
sizable sccondary literature that seeks to explain Plaget s ideas, one
work that we like is John H. Flavell, The Develqpmental Psychology of

Jean Piaget (Princeton: Van Nostrand, 1963).

Rosalie Cohen, '"The Relationship between Socio-Conceptual Styles and
Orientation to School Requirements, Sociology of Education, 1968, 41,
201-220.

Jerome Kagan and N. Kagan, "Individual Variation in Cognitive Processes,"
In P, li. Mussen (ed.), Carmichael's Manual of Child Psychology, Volume I,
3rd ed. (New York: Wiley, 1970), pp. 1273-13065.

Though the interplay between students' attitudes and their school success
is generally recognized and accepted by most teachers, the empirical
research findings on the relationship between attitude and achievement are
not so clear-cut. Represcentative research findings may be found in:

W. H. Holtzman and i. F. Brown, "Evaluating the Study iabits and Attitudes
of High School Students," Journal of Educational Psychology, 1968, 59, 404-
409; S. B. Khan, "Affective Correlates of Academic Achicvement, L Journal
of Lducat10na1 ngcholqu, 1969, 60, 216-222.

Richard de Charms, 'Personal Causation Training in the Schools,' Journal
of Applicd Social Psychology, 1972, 2, 95-113.

‘The function, components, instructional strategy, primary sense modality .

and social setting for each learning resource are described in appcndxx B.
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11 The notion of level of inquiry is discussed and illustrated in Marshall
D. iuron, "The Nature of Scientific Enquiry," School Revicw, 1969, 79,
171-212.

12 In levels A and 8 Individual Lessons are all tape-directed. The lesson

booklets at these levels do not contain text for the student to read.

13 Our stance in this regard is both philosophical and based on research.
There is strong evidence that when an individual feels in control of a
situation he or she functions more effectively. See, for example,
de Charnis, loc. cit.; and Richard de Charms, Personal Causation (New York:
Academic Press, 1968).

14 Level E was chosen for this illustration because it is the highest level ~~
of the IS program for which the management system has been field tested
and varified. Moreover, an illustration based on Level E exemplifies the
maximum degree of student responsibility for management we have thus far
defined and demonstrated to be functional.

15 Had Karen elected not to take the placement test, she would simply do .all
the Joule Unit science content lessons and selected related learning
resources.

16 Karen can do any activity in the unit that she wants to, even if her
performance on the placement test indicates that she already kaows the
concept covered by a particular activity.

17 If a student‘s performance on the posttest indicates that he or she has
not satisfactorily learned the concepts tested, the posttest answers are
analyzed and the student does further work in learning resources that
will aid the student in attaining those concepts not adequately learned.

18 The Start Unit also assesses the student's competence in several academic
skills considered prerequisites for the student's successful work in the
IS program. For students entering upper levels of IS, the Launch Unit,
corresponding in purpose with the Start Unit, is available. The Launch
Unit teaches the basic skills of materials management taught in the Start
Unit and Levels A and B, so that students beginning the program at Level C
or avove will be as familiar with these skills as students who have followed
the IS route from the Start Unit on ané through Levels A and B. The Launch
Unit also provides instruction in certain basic science concepts taught
in Levels A and B.

19 The brief descrintions here of the skills related to managing learning that
the student learas in various IS levels are only illustrative, rather than
exhaustive. Appendix C contains a complcte list of the student competencics
related to sclf-direction and co-evaluation for Levels A through E of IS.

N
(=]

Our particular perspective on formative evaluation and our vicws on the
distinction betwcen formative and summative evaluation are discussed in
Audrey B, Champagne and Leopold E. Klopfer, “Formative Evaluation in Science
Curriculum Development,' Journal of Rescarch in Science Teaching, 1974, 11,
(in press).
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A proper summative evaluation can be carried out only after a substantial
portion of the IS program is in fairly widespread use in & variety of
schools. This is now beginning to happen, with a published commercial
version of IS Levels A through C available as we write. For the school
year 1974-75, the commercial version of Levels D and E will be published.
The publisher of the IS program is Imperial International Learning

Corp., Kankakee, Ill.
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Table 2

GOALS OF INDIVIDUALIZED SCIENCE

. SCIENTIFIC LITERACY GOAL

" The student acquires ‘a foundation for scientific literacy.

STUDENT SELF-DIRECTION GOAL- -

The student views the learning process as primarily self-
directed and self-initiated.

STUDENT COEVALUATION GOAL .

The_student plays a major role in evaluaﬁing the quality,
extent and rapidity of. his. learning.

AFFECTIVE GOAL

The student displays informed attitudes toward his .study of .
science, scientific inquiry, and the scientific enterprise.

INQUIRY GOAL

The student becomes skillful in using the processes of
scigntific inquiry and is able to carry out inquiries.
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Table 3

Learning Resources of IS

Learning Resources

Individual Lesson (1L)
focused on science content )
Individual Lesson (IL)

focused on learning management
Planning Booklet

StudentJTeacher Conference

Men & Ideas Filmstrip (M&I)

Student Activity | (SA)

Miniature Exploration (MinEx)

Invitation to Explore " (ITE)

Science Learning Game (SLG)

Self-Initiated Independent
Activity (SIIA)

Pirected Group Activity (DGA)

Student Seminar (SEM)

Reading in Science (RIS)

Science Notebook

Keys Book

"How to . . .'" Booklet

‘Overview of Altcrnative Unit

Eye Es Journal {JOUR)

(student publication)

Miniature Investigation

Contribute to the attainment of . . .

Scilentific
Literacy -.
Goal

Student

Self-

Direction
Goal

Student

Co-

Evaluation
Goal

Affective
Goal

> =

1

]

i

Inquiry
Goal
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Appendix A

»

Explication of the Goals of Individualized Science

Sctenhhc Lnerncy

The student acquires a foundation for
scientitic literacy.

The concern of th:s geal is to build that solid base
of knowledge ond understanding of and about

science which the student will need to function in an -

increasingly complex world. Four components are
encompassed in the concept of scientific literacy.
First, the student shauld be able ta describe his

observations and experiences with terms drawn ’

frem o basic vocabulary of science words. A second
and more fundamental component of scientific
literacy is the student's understanding of certain
important ond relevant concepts, principles, and

conceptual schemes of science. A third component .
of scientific literacy concerns the student's realiza-
tion that scientific idecs change over time and his’

understanding of other key ideas about the nature
of scientific inquiry. The fourth comronent is the
student’s understancing of significant ideas related
to the socicl aspecis of science. The attention given
to this component in Individvalized Science also

"“contributes to the program’s relevance to the child

I1.

as a member of society.

Student Self-Direction

The student views the learning process
os primarily self-direcied and self-
initiated.

This goal emphasizes the student's development
into o competent and confident independent
learner. As an independent learner, he is .oble
to select and ulilize o svitable learning environ-
ment and instructional materials that will lead him
toward desired knowledge, insight, or satisfaction.
He is also able to specify and follow a fairly long-
term plan for his own learning.

III.

Iv.

Student Coevaluation

The student plays a major role in eval-
vating the quality, extent, and rapidity
of his learning. .

As the student develops into an independent learner, -

evaluation of his learning by a teacher or someone
else should gradually decrease. The student should
assume  coniinually increasing  responsibility  for
judging how well he performs in learning new
information, ideas, and procedures. When a student -
has become “responsible for evaluating his own .

‘learning, he will be able to set criteria for the com-

pletion or mastery of a learning task ond recognize
that he has completed his task upon meeting these

~ criteria. He will also be obie to assess his progress

on a learning task as. he proceeds, by analyzing
the difficulties he encounters, revising his approach

if necessary, and seeking out assistanze if needed.

, Affective Goal

The student displays informed aftitudes
foward his study of science, scientific
inquiry, and the scientific enterprise.

The student’s attitudes and interests are the focus of
oftention vnder ihe affective goal. Holding well-
informed, positive attitudes toward science is rec-
ognized as an essenticl ingredient of an individual's
ability to live successfully in the contemporary worid.

. In the process of developing attitudes, the student

- ledrns to value science for its contributions to man's

intellectual growth and to society. He alse learns io
accepf the processes of scientific inquiry as a valid
way to conduct one’s thinking. When carrying on
inquiries or confronting problems, the student adepts
the so-called “scientific attitudes,” which
honesty, openmindedness, suspended

self-criticism, and commitment o accuracy.

include
judgment,
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Appendix A (continued)

V. Inquiry

The student becomes skillful in using
the processes of scientific inquiry and
is oble to carry out inquiries.

Student involvement in inquiry and the development

of skills in using processes of scientific inquiry are
manifested under this goal. Behaviors pertinent

to inquiry are exhibited by the student both when

he is investigating notural phenomena or solving .
problems in science, and when he is investigating ]
problems outside “of science. In carrying out an

inquiry .into any given problem, the student formu-

lates a plan for his inquivy, designs procedures which

implement his plan, carries out the indicated proce-

dures, processes the data obtained, interpreis the

data and observations, and, finclly, evaluates the

results of the inquiry in relation 1o its purpose.
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Appendix C

Competencies in Student Self-Direction and Co-Evaluation

Student Self-Directiocn

When given the opportunity to work in
scicnce, the student obtains his own

folder and proceeds to work according
to the information in his folder.

Using his Planning Booklet or Planning
Shcet, the student identifies the
activity he is to do and obtains the
designated materials needed. Upon
completing the activity, he returns
the materials to their correct storage
places. '

Given a cassette and a cassette player
with headphones, thec student inserts
the cassette into the player, puts on
the headphones, turns on the player,
starts and stops the tape, adjusts the
volume, turns off the player, and
extracts the cassctte from the player.

Given the opportunity to select a
Student Activity, the student chooses
one which interests him from among
those available, and records on the
Planning sooklet or Planning Shect the
code for the activity and the date on
which he does it.

Given a situation in which he has no
prescribed activity or in which a
prescribed activity cannot be done, the
student sclects an appropriate alter-
native activity and goes to work in
that activity.

Upon his completion of cach day's
activities in scicnce, the student
writes the date in the appropriate
spaces on nis Planning Booklet or
'Planning Shect for cach actirity as
a rccord of what lic did that day.

Student Co-Evaluation

After completing a self-check page
(identified by a key around page
nurmbers) in a lesson booklet, the
student compares his answers with
those on a model page which is com-
pleted correctly.

The student corrects his work on
selected booklet pages using a key.

After conpleting a check up and
ohtaining a key for it, the student
comparcs his completced check up with
the key, assigns point values to
correct answers, and calculates his
total points for the check up.
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Appendix C (continued)

Student Self-DiESEtion

Given an outline of required activities
in a unit and after obtaining the
results of his Placement Test for that
unit, the student identifies the
science concepts he has already
nastered and the concepts not mastcred,
2nd indicates on his Planning Booklet
or Planning Sheet those required
activities he may clhoose to do (since
he i1as mastery of the related concept)
and those he must do {due to non-
mastery of the related concept).

Given the list of Miniature Explora-
tions (MintEx's) available in a unit
and having examined the MinLx booklets
and kits, the student chooses the
Minkx's which he would like to do and
records his choices in the Planning
Booklet.

Given the list of Readings in Science
(RIS's) associated with particular
Minkx's, individual lessons, or other
learning ~esources in a unit, the
student se'ects the RIS which he wants
to do next and recads it at the appro-
priate tine.

Given an outline of a unit's activ-
ities grouped by topic, and after
obtaining the results of his or her
Placement Test. for the unit, the
student identifies those topics his
or her Placement Test results indi-
cate hc or she must study and those
topics for which the Placement Test
results indicate a choice. On the

Student Co-Evaluation

While taking a Placcment Test (taken
before beginning study in a urnit),

the student elects to answer any
question for which he knows the answer
or omits any question for which he
does not know the -answer..

After completing 2 Placement Test and
obtaining 2 key for it, the student
compares his answers with the key,
assigns point values to correct
answers, and calculates his total
points for the Placement Test.

In a unit with one or more integrating
check ups (i.e., a check up which ties
together the content of several
lessons, readings, and/or other
activities), the student participates
with the teacher in making a decision
about when he is ready to work on a
check up.

In a unit where a unit mastery test or
activity is available, the student
participates with the teacher in
making a decision about when he is
ready to attempt the test or activity.

After correcting any check up he has
taken or after obtaining the results

of a unit mastery test or activity,

the student identifies those topics

he has not learned satisfactorily and
participates with the teacher in makiny
a decision about whether or not
remedial instruction is necessary and,
if so, what form of remedial instructic
he will take. |

As a part of participation in an
Alternative Pathway unit, the student
in a Student-Teacher Conference
assesses his or her accomplishments
in the unit and suggests ways in
which his or her work in the unit
might have been improved.
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Appendix C (continued)

Student Self-Direction

basis of this analysis and his or her
own interests, tihe student develops
an individualized learning plan for
the unit. The student makes any
necessary modifications in the plan
after discussing the plan with the
teacher,

Upon completion of the Unit Overview
for an Alternative Pathway unit, the
student decides whether or not he or
she will work in that unit and dis-
cuss the reasons for the decision in
a Student-Teacher Conference.

The student decides which Invitations
to Explore (ITE's) in an Alternative
Pathway unit he or she will read and
records his or her choices in the
Planning Booklet.

For cach ITE selected for study in an
Alternative Pathway unit, the student
selects the activities he or she will
complcte and records his or her
choices in the Planning Looklet.

Upon completion of an individualized
learning plan for an Alternative
Pathway unit, the student discusses

the plan with the teacher and makes
any nccessary modifications in the

plan that resulted from the conference.

The student takes the responsibility
for making the necessary arrangements
for Lolding a scminar simulation and

. prepares for his or her part in it,

The student participates effectively
in the seminar sinulation and <arries
out his or her own responsibilities
as a scninar nmember as well as
{acilitating the participation of
others,

Given the opportunity to read through
a Placement Test, tne student decides
whether or not he will attempt the
test.  If the decision is not to take
the test, he or sne informs the
tcacher of this decision and includes

Student Co-Evaluation

.

After completing and correcting a unit
mastery test and given a list that
relates questions on the test to topics
considered in the unit, the student
identifics those topics he or she has
not learned satisfactorily.
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Appendix C (continued)

Level in ¥hich

. Coapctency Student Sclf-Dircction Student Co-Evaluation

is Introduced '
"Level £, | learning activities from all the | Upon completion of the analysis of
(continucd) unit's topics in his or her individ- a unit mastery test, the student

ualized learning plan. uses activities related to the
topics not learned satisfactorily
to design a remedial learning nlan
and discusses this plan with the
teacher.




