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FOREWORD

Preparedbytbe'
L . ¢

NEA Committee on Education of the Handicapped

"Public Law 94-142, The Education for All Handicapped Children Act, the major
federal education legislation for providing a free appropriate education for all handi-
capped children, must be 1n compliance with Section 504 of the Rehabilitation Act of
}973.;Pan D of Section 504 states,,in part:

. The quality of the educational services provided to handicapped students must be
equal to that of the services provided to nonhandxcapped students; thus, handi-
capped students’ teachers must be trained in the idstruction of persons with the
handicap in question and appropriate materials and equmem must be @hble

This federal regulatxoﬁ‘xs supported by NEA policy. Point (¢) of NEA Resolution 79- 32
Educauon for All Handicapped Children, reads:

The appropnateness of educauonal methods, matenals, and supportive services
must be determined in cooperation with classroom teachers.
In the eontext of federal education pohdy and NEA policy. members of the NEA
Committee on Educfuion of the Handicapped have reviewed Teaching Handwcapped
Students Science Members of the Committee are teachers of English. ¥ocial studies,
mathematics, special . education, and science, who teach both general and handicapped
students in elementary and high school

The Commuttee cannot emphasize too strongly theimportance ofteaphcrs of regular
and special education working tegether. The Committee would also like to urge both
groups of educators to use these pub]xcauons in teaching content areas to Jandicapped
students. Members of the Commxt}ee were particularly pleased that teach wrb@e these
materials, 1n an éffort to successfully teach the handicapped in the least restrictive
environment. Because of their firsthand knowledge of proper teaching stralcgles teachers
are the best source of information to aid their colleagues. -

The NEA supports P.L. 94-142 because the Association is committed to education
processes which*allow all students to become constructive, functioning members of their
.comfhunitiegz To this end, when handicapped students arcippropriately placed in
classrooms with nonhandicapped students, teachers need instructional strategies which
provide for individual learning differences. Thxs i1s not new. xHowcver most regular
education teachers have not been trained, as mandated by law, in pre-sennce orin-service
expernences to wqrk with students with handicapping condition Teachers are eager to
carry out the mandate of the law, but they may sHy away from or even object to teaching
these students Because of this lack of training.

The so-called *mainstreamed™ cla,,ssroom presents new challenges to regular class-
room teachers becayse 6f the added responsibility of teaching students with handicapping

conditions, It 1s particularly important, therefore, to understand the student with a -

handieappmg c’ondmon asa whole personn order to Cmphasxzc thx;’commonahly among
all students. ™ . .
. .t /
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INTRODUCTION . 1 ) -
-~ )
. . by Marshall Corrick
. \ ]
. ‘ L . l “ ‘> .
. o ' ' ’ /. .
“Where am-I supposed to go”" the child's educational and related needs are so
. “Can | start from where ] am?” intense that they cannot be satisfied when he or sfe 1s .
“Whaj routes can I take?” . ' placed 1n an environment with other children. even
“Must | use a particular vehicle?” with the provision of supplementary aids and ’
“What are the roadblocks?” - " services.
“How will I know when I have arrived?” a Least restrictive  alternativé/environment—
¢ X ) ) Least restrictive environment implies that, tothe
For any student on the road to an education, these maximum extent appropriate. children are inte-
are important questionsito be answered. Recently science grated in the regular educational environment.
educators have been faced with the challenge of answer- Special classes, separate schooling, or other rem-
ing these questions for a new population, the handi- oval of children from the regular classroom
capped , . environment occurs only when (and then only to .
Before beginning a discussion of Teac HING HaNDI- the extent necessary) the nature or severty of a ¢
CAPPED STUDENTS ‘SCIENCE, 1t may be well to offer handicapping condition is such that their edu-
definmitions of several terms that appear throughout the cation cannot be achieved satisfactorily in
< book 1n relation to instruction of the handic#pped . regular classes with the use of special educetion
\ services.
1. Disability —A disability 1s a deficiency in a b Educational needs—The educauonal needs of
characteristic or condition indigenous to the indi- . ' students are social, psychological, and physical,
vidual that results in a low potential for success at as well as academic Mainstreaming may occur
activities dependent on that charactenistic or in all or only some of these areas of educational *
condition. Individuals may have single or multiple concerh. For example. a student may be physi-
- disabiliies They may be disabled insome areas and 1 cally locgted 1n a mainstreamed school situation
- } gfted in otherssA disability 1s a characteristic but butisolateq there socially and academically Ses-
not the character of a child. eral kinds of mainstreaming are prefetred over )
2.. Handicap — A handicap is a condstion or character- isolation whenever they are compatiblg with the
istic that prevents an individual from functioning . students’ developmental needs .
appropriately or at the level of expectation in a * ¢. Continuum of educational setungs- The contin- .
given situation or environment. These handicapping uum of educational settings may be shownintwo
conditions may be physical, mental, perceptual models. The prevailing or traditional model is
emotional, educational, motivational, social, o place centered. The preferred model is person
situational. . centered. .
, 3. Mamstreammg Mainstreaming is an, educational In both models it is assumed that stupents
v placement procedure and process for children, should be removed from the mainstream only for
. based on the belief that each child should be edu- himited and compelling reasons, that’when in -,
. cated in the least restricive environment 1n which specialized and limited environmeats. their pro- .
her of his educational and related needs can be. . gress should be monitored carefully and regu-
. satisfa{t‘(only met. Mainstreaming assgmesanumb- larly, and that they should be returned to the
er of conditions. that children have a wide range of . mainstream as soon as it is feasible
speaial education needs, varying greatly in int€nsity The preferred modg}, as indicated in the
and duration, that there is a recognized continuum following diagram, proposes that (1) r’gular
of educational settings that may, at a given time, be classes be made more educationally diverse,
appropratg for an individual child’s needs, that, to which would diminish the need to dexelop and
the maximum extent appropriate, children should use separate specialized educational environ-
be educated together, and that special classes, ments, and (2) regular schools and classes have .
separate schooling, or removal of a child from edu- diversified staff and offer many forms of instrug-
. cation with other children should occur only when tional programs so that a great varety of stu,
7 ) o X . .
o . N
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dents can be accommodated. and with good
results < _

This continuum of educational settings puts
first priorjty on moving various forms of special
mstruction 1nto the regular classroom structures
rather than moving the sludqnts out to the spe-
cialized service Some separate specialized and
hmiged educational environments would remain.
hotvever °

Because of many factors. the questions raised at the
beginning of this “Introduction™ are not simple to answer.
he answers given thus far to the handicapptd in the form

f IEPs (Individualized Education Progrlms) have often
been vague and general. Yet, we must find specific and
effective answers to these questious, and the reflection,
evaluation, stimulatign, and, often, frustration now being
expertenced n educational circles could result in a new
. conceptualization of science education which has far-

»
’

reaching implications r:ot only for the handicapped, but
also for all students 10 our schools, no matter what their
abilities or disabilities )

This book 1s. 17 a very real sense. a reflection of that
stimulation. evaluation, and frustration Itis notintended
to be a carefully organized progression of ideasleadingto,
a final conceptualization of an effective mainstreaming
model. fnd while . as editor, have attempted some orga-
nization and structure. as indicated 1n the content sec-
tions. 1t must be kept 1n mind that this structure has been
impoved after the fact and that any given chapter may
overlap several areas of approach '

. .

The first section of the book relates to goals What
goals do we expect the students to achieve as a result of -
participating 10 science classes” Should these goals be the
same for all students” Which goals are the most impor-
tant’ y

Oneapproachtodeveloping sc:cncc‘stratcgnes forthe
handicapped has focused on the examination and modifi-

.cation of goals to meet the needs of the handicapped

child This approach has been used most extensively in
the development of matenials for the mentally handi-
capped Inthe first chapter Alan Shemnker and Charles R
Coble examine the legislative and social backgrounds
of mainstrearming. the challenge of mainstreaming in
science. the forthulation of appropriate goals for the
handicappedand some of the programs apd mdtenals
available to teachers w ho face the responsibility of teach-
ing the handicapped in a mainstream classroom
o

5
*

Section Two considers the prerequisites for educa-
tion of the handicapped.in the mamstrZ;m classroomi.
Fducators have long been aware-that knowledge builds
upon knowledge. skill upon skifl. and in recent yearsthere
has been much emphasis on defining goals and objec-
tives what'students should be able to dowhen thetask is
finished or the course completed However, little atten-
tion has been given to determining what knowledge or
skill is reyuired of the studentd i order 1o begin. which s
an area of extreme importance, especially to the handi-
capped who may*have been barred from developing pre-
requisite skills 1n the past

In Chapter 2 Nasrine Adibe cxamines the concepts
and formulations of Piaget and their imphgations for the
teaching of bcience to both the regular and the handi-

_capped stydent in the mainstream classroom Along with

the developmental stages, Adibe examines the chnical
methods of Piaget and the nature oflntcll}gcncc, learning,
and motivation, with practical applications of these con-
cepts made to the mainstream science classroom

In Chapter *3 Frank L Franks examines specific
$kills prerequisite to the development of measuring skills
and outlines an approach for developing these skills in the

bhind
5/
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Many approaches to teaching the handicapped are

-available to accommodate all of their learning styles. In
be modified to¢ "

addition, existing delivery systems ca
provide more flexibility "in their 1pbtruction Section’
Three deals with various teaching techniques  really the
main thrust of this book For convenience. these various
approachcb to teaching the handicapped have been subdi-
vided in four general categories. +
The Cooperative Approach Because its use of heter-
ogeneous cooperative groups provides for the integration
.of the handicapped student into the mainstream class-

room soctally and academically as well as phy~fcally, the %

cooperatg approach is one of the most innovative and
powerful technigues avatlable '

Roger 1 Johnson and David W Johnson explore
the mcan-mg and purpose of mainstreaming and the value
of cooperative groups as™he goal structure within which
thes purpose can best be accomplished in Chapter 4

In Chapter § Marshall Corrick examines practical

techniques for the effective use ofcoopcratnc groups ma '

heterogeneous mainstream science class

Finally, in Chapter 6 Donald R Daugs describes the
teaching of creativity to the mentally handicapped stu-
dent in a mgknstream €ooperative setting

The Muluisensory Approach The mumécnsor) ap-
proach to scncn& teaching has great valde for the physi-
cally handicapped child who has been deprived of one of,
his or her senses [t has value almost as great, however, fur
the student with weak learning modahities but with no
physical impairment Some students learn best b\ seeing.
some by hearing. some have to touch and manipulate
objects 1n order to learn, but almost all studeats learn
better if they can do all-three

Randall Harrig@wrnites in Chapter 7 of ‘an audio-
tactle-approach, egfecially useful in instructing the visu-
ally impaired, b
individuals with weak visual learning modalities

In Chapter 8 Robert S Menchel discusses a chemis-
try program developed for the deaf with emphasis on
visual learning In addition to overcoming the handicap-
ping condition resulting from loss of hearing, the pro-
gram deals with the experiential handicapsresulting from
previous lack of exposure to science

Chapter 9, written by Dons E Hadagy. illustrates
how the multisensory approach can be combined with
crea(m() and art to produce what might be called the
.1otal expertence approach for both the handicapped and’
the regular student.

The Con(‘eptAnaln‘n Approach Jack T Cole. Mar-
gie K. Kitano, and Lewis M. Brown develep the coRcept
-analysis model in a clear and meaningful way in Chapter
10. Furthery they offer it as a viable approach
problem of successfully teaching abstract science con-
cepts to the intellectually handicapped s¢udent (as well as
the regular student) because this techmque fosters con?

also applicable to tcachmg sighted -

-

v

\( ) > » *
cept i‘qrmauon‘ thinking ability, logi¢al deduction, and
creative problem solving

The Team Approach Inan application of the team -
approach in Chapter 11, Mary Ann Owvnik describes a
mainstream sclence program in which the regular class-
room teacher and the special resource teacher work
together with the student and her or his parents to pro-
duce and modify a data-based science program. enabling
blind as wel] as sighted students to "see™ their progress

v "~

(‘)\erthc pastseveral years, many teachers’ uurnculdr
groups:#d commercial publishing wmpdmu have made
an effort to address the problgm of dppmprm(c material
for the handicapped student Four examples of this effort
are included gp the dispussion of-learning materials 1n
Section Four k}

In Chapter 12, Paul W Welliver examines a set of
tour components and five strategies found in Imvestiga-
tive Science in Elemenitary Educanon by D Alfke A A
Shrigley. and Paul W Welliver that contributes to g
successtul science program for handicapped and regular
tudents-

Chapter 13, written by [ arry Malone and 1 inda De
1 ucchi, describes the multisensory materials produced
for the visually impained in the SAVEprogram They have .
found that such a carefully prepased program results in
the-growth of student self-esteem and contiderce Within
the context of the multlse/nsor\, experience. the studegts’

handicaps are circumvented or “neutralized.” resultingin

. sueess which produces a “good feeling™ that often carries

over mto other aspects of hife

Prepared by Donald C Orlich and, Kathleen M R’
Black. Chapter 14 describes a program using SCIS mate-
rials with hearing impaifed students to strengthen both
théir science and their communication skills

In the final chapter in this section, Chapter 15, Judith
J Trottaexamines a variety of materials that may be used
with the developmentally handncapp?j child including
SCIS. Me Now, and Me and My Environment The
author finds that to survive in the real world, all children
must become sctentifically literate, and that this concept
apphies especially to the handicapped if the gap which
already éxists dcvelopmcmallv between them and normal
children is not to be allowed to widen .

Also crucial Is an examination. of the harriers to the
eduration of the handicapped  the topic of consideration
of Section Five Which barriers can be negotiated” Which
can be circumvented® Which can and should be removed”?

Handicapping conditions’ are not indrgenous (o the
individual but result from the interaction of a disabihity
with a barrier As long as no barriers exist. the handi-
capped student can function quite appropriately Some of
the barriers encountered by the handicapped may be
naturdl, however, few are insurmountable Others are




“imposed by the system and can often be cirtumvented or
removed. -The barriers most difficult to overcome are
psyohologxcal and attitudinal barriers that have Mttle
founddtion 1n the nature of the disability uself
' Chapter] 6. written by Joanne B. Stolte and Shirley
C Smish, reviews the special needs of and barriers faced
by Qeaf students, both academically and in careers and
career exploration The areas of language development,
projective and tmaginative thinking, estimation skills,
and inquiry skills are explored, as are the barrers
resulting from negative societal expectations for deaf

" individuals .

In Chapter 17, Manlynne Mathuas and R 8bert A. John-

Ed

sess, the same inteljectual potenuals ag do sighted stu-,
dents, although this potential reaches maturity .at a
slower rate ‘

One of thé.most troublesome areus for.educators -
and the central topic of Section Six 15 evaluation. How
handicapped students should be evaluated. the scléc(ton
of criteria by which to measure the education of the

" handicapped. and the.definition of educational sugcess

are all important concerns that are examined by Harry G,

" Langin Chapter 19 Lang finds Public Law'94-142to bea

call for récognition of the uscfulness of both cnterion-
referenced and norm-referenced Saluation methods in

son examine the barriers encountered by mentally handi- their most appropriate contexts . -
capped students The authors provide suggestions for ° ' .
dealing with such problem ageas as low reading level.’ « - As mentioned previously, the goal here 15 not the -

imited language skills. short attention span. and low
self-esteem Among the available techniques they preserit
are the provision of more precise teaching, the use of
better yuestioning techmques and the.adaptation of the
instructional program to accommodate individual dif-

- ferences. Yo -

In the final chapter on bamers. Chapter 18, Eha R
Gough discusses some of the characteristics of and barri-
ers for bhnd studgnts Piagetian developmental theory 1s
used to demonstrate the need for concrete operational
activities, emphasizing the fact that blind students pos-

formuylation of a mainstreaming model The articles pre-
sented constitute 3 means to an end rather than the end
itself, The viewpoints expressed are divergent rather than
convergent in an effort to expand the scope of thinking
for the mdmdual s¢ience teacher through exposure to
numerous possible approaches Convergence can come
only as the various options are amphfied. modified, or
rejected in the context of a particular perspective and
circumstance as educators attempt to metge theory and
practice in 4 restructuring of the eduatlonal system that
will _benefit all students
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SCIENCE FOR THE HANDICAPPED

CAN WE JUSTIFY IT? : . .

) The authors examine the legislative and social backgrounds of mainstreaming, the

by Alan Sliéinker and Charles R. Coble <

. challenge ofmamsﬁ‘eammg in science, the formulation of appropriate goals for the \
handicapped. and sdtne of the programs and materials avatlable 1o teachers who

face the responsibility of teaching the handicapped in a mainstream clgssroa‘m

Alan Sheinker 1s Resource Specialist, Region V Board of Cooperative Educdnional -

Services and Tetén County Schools, Jackson Hole, W yoming. Charles R. Coble

1s Assoctate Professor in the Department-of Science Education, East Carolina

University, Greenvylle, North €arolina

~

A review of federal legislation affecting handicapped
persons indicates that federal mvolvement has increased
dramatically durnng the past 20 'years, Approximately
one-third of. the 195 televant laws passed between 1827
and 1975 were enacted between 1970 and 1975.(I'1) Two
laws stand out as the culmination of legislation and hitiga-
tion that will ensure the handicapped their proper place in
American education; The Education for All Handicapped
Children Act (Public Law 9*]4'2) and Section 504 of the
Reha‘al{rtatnon Act of 1973

Among the provrsrons of PL 94-142 are a free,
a;%ropnate public education, for handicapped persons
aged 3 to 18 by September 1, 1978, and aged 3 to 21 by
September 1, 1980 1t provides educatianal placement 1n
“the Jeast restrictive alternatives implying that the handi-

‘ capped should be educatcd with the nonhandicapped to

1

(D)

NS
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the maximum extent possible. To ensure this, PL 94-142
has included legal sanctions for the Indmduahzed Education
Program (IEP). Specifically, the 1EP must include the
following! . -

‘.
i

{A) A statement of the child’s present levels of. educatronal

performance; -
(B) A statement ofannpal goals rncludmgshort -term wgtruc-
tional objectives; , »

(C) A state eé-m:nt of the specific special edqcauon and related

service$ to be provided to the child, and the extent to
. which the child will be able to parucrpatc n the regular
classroom;
The projected dates for initiation of scrvlces and the
anticipated duratson of the services, and
Appropriate ‘objective | criteria and evaluation procedures
and schedules for dctcrmmmg on at least an annual basis,

(E)

whether the short-term instructional objectives are, bemg

achieved. (16, Sec. 121a 346)

-

summarized theip implications as follows.
N . -~ -

/hrld must be provrded all services necessary to meet hi§/ her.
sp

-

s * - v

£ .. ) -
14 .

'Ttu:s the 1EP is a detailed, comprehensrve plan that
cannot be thought of as a static, one-time contrivance {5)
Its development is a dynamic process requiring a sigmifi- °
cant amount of time and effort on the part of the teacher
Each of the 1EP comppneritstequires accurate and reli-
able @ssessment procedures based on learning disability
principles. (17) When properly utihized, the 1EP can facili-
tate learming, ensure student progress, and ensurenac-
countability. (13) Those interested in more infornfation
on 1EP’s are encouraged to read “An Approach to Opera-
tionalizing the 1EP™ (5) and Developing and Implement-
ing Individual Education Programs (14)

" The second significant plece of legislation to be dis-
cussed. Section 504 of the Rehabtlitation Act of 1973,is a
civil nights law which specifically protects the rights of
haridicapped children and adults [t states’

No otherwise yualified handicapped individual shall, solely by
reason of his handicdp, pe excluded from participation 1n, 'be
denied the benefits of. or be subjected to discrimination under
any, program or activity receiving federal assistance. (15, Sec
45 84)

‘}‘Ieferrmg' to Section 504 and PL 94-132, Edward Martin

13

Read together, these two statutes gnd their lﬁplementrng rcgui
lations * require that by Septémber |, 1978, each handicapped

ecial education and felated needs (8, p. 5) "

. * N
" One must accept the premise that handicapped stu- <

dents have needs similar to those of nonhandicapped
students (12) They nged an enriched, supportiveenviron--
ment n order to develop their mental and physical capa-

( ,‘ A x . .
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bilities They need to acquire and expand’their potential
languaga skills “in reading. writing. listening, and oral
commumcanun They need to dcxclop feelings of ac

. Lomphshmenl and a posiyve selflmdge They neced to
develop skills in coping with the problems that will cone

tihue,to,confront them n an xr}creaSmgly compiex and
scientific world Good, activity-onented science jnstruc-
ton helps nonhandicapped learners meet these needs, and *
.slmllar nstruction 1s as good “or betlg for handicapped
sthdents .

Educational goals for handicapped students do not
differ from those for the nonhandicapped. The Educa-
tional Policies Commission (2) of the Netlonal Education
Association lists’the following goals for all students

1’4 1

Achigvement of self-realization
Development of proper human relationships
Attainment of economic efficiency

- Assumption of civic responsiblity

[

Most edugatdrs agree thatthe mamn goals of science edu-
cation for the handicapped,are also consistent with those
for all other students

[

+ 1 To know some of the basié facts, concepts.
generahizations. and principles in the Life. carth,
ph\ﬂcal and environmental sciences

2 To develop'primary and higher level process sknlls

tq help in prablem solving )

3 To develop student interest in and ap'prcu,d,uo‘ri

, 7 for the world around them '

P .

,In the past. educators have held some false assump-
tions about the handicapped. some of which were as
follows

- *
I. They are not capable aflearningscience —1tistoo
difficult for them
. 2. They are not interested 1n science,

3,,,~Thcy cannot mdmpulatc science cquipment
However, these assumptions greatly undcrcstnmalc the
abilities of the handlcapped Numerous projects and
research studies have indieated that the handicapped

.
.

I Can learn sciencaconcepts

2.- Arc interested in-science and science activities

3. Can develop problem-solving skills 1n science

4 “Can manipulate scientific equipment.

5. Can help establish desirable work habits that help

with daily life cxpcricnces.\

If science instruction places undue reliance on read-

ing and lectures, then many, handicapped stadents will

-+ eaperience academac failure Suence content can present

t

- of students. .

v

some major probl},ms \nlh ngdrd tounderstanding scien-
ufic votabulary, x.umpruhendmb abstragl concepts. and
understanding complex and lengthy senjences.

Students who are visually lmpalred auditorily =
impaired, learning disabled, os mentally retardtd may
have a preferred learning style. Some Iearn best through
visual experiences, others through auditory. tactile, oy
kinesthetic channels. A way to help handicapped (and all,
other) students learn suience is to'planactivitics that focus
on their learming strengths Sciénce activities that allow
for a vaniety of sensory experiences with concrete mate-
rials can better accommodaje lhc different learmng styles

Rita and Kenneth Dunn have developed the Learh-
ing Style lmcntory{(L§1) aninstrument used to diagnose
a’student’s preferred learning’style The LSi 1s designed
for students 1n grades 3-12 and can be administered 1n

" approximately 30 minutes Some sample items are

12

-

I really like to mold things with my hands

The things I learn best are the things I read ~

The things I learn best are the things | h? ” ' ’
It's hard for me to sit fn one place for 4 ong ume

I really hke to do experiments

I have to be reminded often to do something'
I like to study with one or tWo friends

Noist bothers me when I am studying (1. pp 401-404) ~  *

Upon reviewing what is known about learning styles
and other chargcteristics of the handicapped. it becomes,
appargnt that£fhé following general techniques fdr teach-
ing 'science to handicapped students can Be applied 1n the
mainstreamed classes. 2
Y-

I Rely as much as possible on all of the senses.
' Depending on the types of handicap of those
involved, teachers will swant to provide flrsthand
expertences that will allow students to scc feel,
hear, and smelrwhat 1S bcmg studied as much as
possiblec.
Essential“content qucsuons and activity directions
should be available in written and auditory forms.
Tapc"rccordl your class discussions as they
occur will allow a second- chancc opportumty for
somg-students.
Good organization and clear directions are
particularly helpful to the handicapped.

Some studies suggest that teachers feel thatacademi-
cally and emotionally handicapped students pose moré
problems in terms of mainstreaming than do students
whose handicaps are primarily physical and sensory. (4)
Considering this, and the fact that educable mentally

" handicapped (EMH) students constitute the largest popu-

lation of handicapped students that most teachers will’

i
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teachi-it Is apprgpriate to examine this group in more
~ detail. - . /
Thomas P. Lombard: and Patrick, Balch have sumn-
marized the common learning characteg;stlcs related to
the mentally Handicagpped. As a group the) have —

1 Generally slower than ave‘rage rates of learming

2 Difficulty m'understandmg aQstractions and relation- |
ships , 3 -

3. Short attentiort spans

Deflated self-copcepts *

"5 Language inadequacies #

6. Poor visual-motor coordinatioh

7 Limjted academic achigvement (7. p. 20)
: v

-

These characteristics imply that teachers need to
actively involve students with science cxperlcncés that are
drrdetly -related to the world of the learner Lessons need

“’y t0-be divided into smaller. step-by-step units and more
" time must be allowed for students to internalize their
learning. The use of scientific and technical vocabulary
should be kept to a minimum Authors of the Biological
Scrence Curriculum Study (BSCS) programs for the men-
tally handicapped have identified six “Principles of Pres-
entation” fqr EMH students. based on their learning

characteristies ~

The tasks should be uncomplicated
The tasks should be brief R
The tasks should be sequentially presented .

. Each learning task should be the kind wheresuccess s

. posstble- P

. Overlearning must b# buiit into the lesson

. Learning tasks should be applied to objects, problems -
and situations (10, p -37)

Hd RO

W

-

These principles, a& apphied in three BSCS pro-
grams - Me Now, Me and My Environment, and Me in
the Future—developed with funds from the Bureau of
Education for the Handicapped of the U.S. Office of
Education. ’

Me Now presents life science materials to EMH

students with a ch}onologlcal age of 11 to 13 years. The .

structure and function of the human body is detailed in
the program in four instructional units. (1) Digestion and

v Circulation, (2) Respiration and Body Water, (3) Move-
ment; Support and Sensory Rerception; and (4) Growth
and Development. The pregram utilizes filmloops, slides,
pictures, worksheets, and many manipulative materials.
(10. pp 35-36)

, “Me and My Environment focuses on envtronmental
science for 13-"to 16-year-old EMH students. The format
is similar to Me Now. There are no Student texts; how-
ever, comprehensive teachers’ manuals include instruc-
tions for preparation and presentation of lessons. Me and
My Environment 1s divided tnto five umits. (1) Exploring

S My Environment, (2) Me as an Environment, (3) Energy
Relations in My Environment; (4) Transfer and Cycling
of Material in My Environment, and (5) Water and Air in

*~ My Environment (IO p 36)

The third program_ in the BSCS séries, ’We in the
Future, combines science and career education Activitie$
are geared toward teaching the processes of critical think-
ing and independint action. Simulationexergises are pro-
vided to develop an understanding of three major areas of
study: (1) Science and Vocatiens; (2) Science and Letsure,
and (3) Science and Daily Living Skxlls (9)

OIher science curriculums have been developed for

~ o use thhwsuall_\ impaired students Forexample, Science
Actvities for the Visually Impaired (SAV1) was deve-
loped by the staff of the Lawrence Hall of Science at the

. Ungversity of Calhifornia at Berkeley The SAVI program
introduces students to ke¥ concepts 1n the physical and
life sciences 1ma multisénsory way Visually impaired
students between 9 and 12 years of age are challenged to
put their senses to work making predictions. carrying out
experiments, and drawing conclusions {rom the out-
comes SAV] activities are orgamzed jnto topiaat clusters
called modules Prasently the following Modules have
been field tested (1) The Structure of £ije; (2) Scentific
Reasoming, (3) Communication, (4) Environments, (5)
Mixiures and Solutions, (6) Measurer@nt. (1) Environ-
meantal Energr, (8) Kitchen Interactions, and (9)
.tlagnemm and Electricaty (6)

By combn[mg the efforts of both scignee and special
-education teachers, we can provide handséapped students
with the most appropriate education in the least restric-
the environment necessary to achieve their maximum
f)otenual. ’ ¥
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Public Law 94-142, the Education for All Handi-
capped Children Act, signed in No»embcr:1975.. required
that, by October 1977, each stategdentify children with
specnﬁc learning disabilities and®provide them with
appropnate programs and services: Thus legisiation has
resulted 1n confusion among educatogs, legislators, medi-
cal professionals, and parents because the term specific
“learming disabiinies is vaguely defined. Its definition ref-
ers to symptoms and mamfestauo% the nature, cause,
severty, and treatment of whlch‘have yet to be better
understood. < T

Specific learning disabiljuies s not anew term. It was
first,suggested by SamueTA Kuk to describe a hetero-
geneous group of children mciudmg those,labeltd as
aphasic, brain-injured, dysleXic, and perceptually handi-
capped. (9) Parents of lhes'e children welcomed the new
{abel as being less derogatory thap previous labels. How-
ever, the new term 3armng disability did not provide any
new insight for educators, nor did it provide the informa-
tfon needed to identify the symptoms, assess their degree
of severity, and determine whatieducational programs
would best meet the needs of learners in this category.

It 1s true that we have had children with such symp-
toms for gerferations, we still may not understand their
problems. This explains the confusion, frustration, and
fears that the signing of PL 94-142 has generated.
However, the signing of this Jaw has also stimulated
research and challenged educators to assist these youngs-

attention on students wbo have . leammg ‘problems,
regardless of the medicaland, or psychologxcal diagnosis.
As educators, we no ldnger can 1gnorc or dare to neglect
such studernits. ; LA

¢ A
v B s,
rd
.
s
.

.
e

wnf

ters to develop to their full potential. It has focused -
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2. STRATEGIES IN SCIENCE INSTRUCTION FOR
) ST ENTS WITH SPECIAL LEARNING .
) DISAB-I’LITIES PROMPTED BY PIAGET’S
. ) FORMULATIONS)
’ L. by Nasrine Adibe /
Q .

ts and formulations of Piaget and their implicanions for the teaching of
science tfi both. the nonhandicapped and the handicapped student in the main-
stream cl&ssroom are exammed The author 1s Associate Professor. Schook of
Education, Department of Curriculum and Instraction,

Brookville, New York
.

W Post Center, Long

]

- Meanwhile. we have to admit that at present, several
years after the signing of PL 94-142, the confusion related
to the field of specific learning disabilities has not dimin-
ished. The definition is sull vague. The criteria used to
identify children with specific learning disabilities exclude
those who have learning problems related primarily to
either one or a combination of .the following. visual,
hearing, and motor disabilities, mental retardatjon and
emotional disabyities, and environmental, cultural, and
econemc factors. Fhe yarious guidelines used to identify
children with learning disabilities are nhot sophisticated
enough to be reliable. The same child has been diag-
nosed—depending upon the method used and its inter-
pretation—as dyslexic, hyperkinetic, neurologically handi-
capped, learming disabled, educationally or pe!i:eptually
handicapped, and brain damaged. (4) Other children have
been labeled as learning disabled for such natk reasons as
the fact that they tease the family caf, have nightmares,
dislike to date girls, are disrespectful, are aggressive,
and, or wear long hair, (4) Because of these nebulous
critena, it 1s difficult to determine the number of children
affgctg.d by learning problems who can be'categorized as
having specific learning disabilities> (10) However, in
1976, this number was estimated to bes2-10% of the
schooleaged population. (20) Whatever the percentage,
the impoYtant issue is that therg are chidren withlearning
problems whom we cannot ignore apymore.

Children who are diagnosed as being learning dis-
abled are now believed to have a greater potential for
achievement than was formerly recognized. In the past
children with learning disabilities were deprived of
science activities. Those severely disabled enough to bein
special programs were taught by teachers whose science

,backgrounds were limited, and those in regular class-

rooms were often neglected by science teachers who did
not consider them “science matetial.” Yet some scientists °

)
.
’

\

*
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and a number of college students who are now science
maf‘é*rs havehad learnmg problems during some phase of
teir schooling This, together with experiences reported
by $cience teachers who have worked with studentsn this
category, provides data indicating that such youngsters
are capable of handling science concepts Furthermore,
engagmg them 1n appropriate science activities can
remediate some of their learmng problems (5) Through
my personal experiences, working digectly with learners
in this group, and through tnteraction with teachers
trained to use certain strategies based on Piagetian
findings. 1 have seen convmcmg evidence that these
learners are capahle of handling science concepts. Science
disciplines are rich in content and n activities that
énhande observation skills, challenge perceptual errors.
develop the skilis required for logical thinking. and
INCrease attention span. .

Creative and sensitive teachers who have empathy
with their students with learning problems and who
understand the conceptual structure of the scientific disci-
plines have had litti¢ problem in assisting these learning
disabled students in experiencing. understanding. and
developing knowledge and skills in sciénce Unfortu-
nateh. few teachers in the American school system are
%ble to emplo\ this approach because the emphiasis 15 on
narrow $pecialization and factual knbwledge. and
because the many details unrelated to scienc® teaching
that science teachers are burdened with during the school *
day leave very little ime to develop and implement special
activities .that will assist students in overcoming their
spécific barsiers to science learning

Sensitizing teachers to students’ cognitive levels. as
well as raising their consciousness in regard to the crucial
need for all of today's vouth tg be scientifically Iiterate
and knowledgeable. 1s an urgent need 1 find that by
understanding Piaget's workynence téachers will become

uzed to their students’ cognitive state Plaget’s work

;aggnen me some interesting insights into the complex’
afd mystersoud working of the human bram Other edu-
cators have had similar reactions After becoming famil-
1ar with Piaget's work. teachers can never again see their
students or continue teaching in the same w§§' as they did
G.A .Helmore explains this effect as “taking the top off
the child s head and watching the wheels goround “(7.p
Vi) Teachers become sensitized not only to their students’
mertal Processes but also to their own mental processes
They becomé sensitive to redl understanding of concepts
by learners as opposed to thejr memorization of facts.

They become more receplwe to epistemological views of

scfence They re-examiné their traditional views regard-
ing intelhigence, experience, and maturity, They become
more selective of the instructional strategies they use

i
their classes They develop questiomng skills that stnmn?~

late heuristic inquiry from students *Their teaching styles”

[N N " l6

Y )
become more flexible, and they themselves become more
creative mlnmpronsmg and using novel instructional
materials and methods

It 15 unfortunate that only a few teachers understand
Piaget’s work beyond his formulation of the cognitive
developmental stages This 15 only one dimension of
Piaget's many findings His research on the genesis of
intelligence and the development of knowledge within the
individual (ontogeny) as related to the increase of know-
ledge 1n society (phylogeny) has spanned over half a
century As important as the theory of developmental
stages of intellectual matugity 1s. when this single aspect of
Piagit’s many formulations 1s taken out of the context of
the whole. 1t can be misinterpreted. as it has been, and
misimplemepted. as it has often 'been Piaget’s method
and his theories on learning. mtellectual maturation. and
language dev elopment can pronde insight and informa-
tion for science teachers as they attempt to devise and
implement strategies in science instruction for students
with special learning disabilities The remainder of this
chapter will examine selected 1deas from Praget’s formu-
Jation that are applicable-to such instrucuion

PIAGET'S CLINICAL METHOD

. -

Synoptic Exposé

I'he method Piaget has usegd to c\plore the develop-
ment of intelligence from infancy to adu!’tho‘odxs ingenu-
ously simple 1t involves observing subjects as they react
to 2 manipulative task and histening to their remarks.
questions, or responses to questions Plaget inthese tasks
does not look for specific correct answers To Piaget. the
errors his subjects gpake are just as revealing of his sub-
jects’ thought processes as are their correct actions or

~correct answers As Freud has gamned nsight into the

working of the mysterious brawn in the affective ficld by
observing his patients’ ships of the tongu€, so has Piaget
collected #aluable information on the working &f the
bramn 1n the intellectual field by analyzing the mistakes
and the absurd sayings of his subjects Teachers who hdve
tried to simulate this technijue have found that their own
questioning techniques improve and that théy become
more aware of their own thinking processes. as well as of
those of their students However. #he success of this
approach depends on the teacher’s questioning ar[d listen-
ing skills i Z ,

Implications

Diagnosing  Students’ Thinking. Most
teachers ar¢ busy correcting their students' errors, gwmg
httle thuught 10 what an'crror indicates Analysis
students’ errors can reveal students’ thinking pracesses.”

17
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" their logic. and their past experiences —an effective diag-

nostic tool for teachers at atHevels and an especially vital
one when dealing with youngsters who have special learn-

ing problems Few science teachers can reahize the various,”

difficulties stuffents with learning problems encounte
when grappling with science content By simulating
Piaget’s chinical method cbnfrohting learners with a
question and or a task. histening to their questions. and
observing therr actions in a nonpthreatening environs
ment teachers will be sensitized to the thought processes
of therr students :

. Instead of depending solely on written teststoevalu-

(", ate students. present the class with a situation or a prob-

Jem. ¢he solution to which requires famiharity with
certain concepts Toillustrate Instead of asking students
to define the three states of matter. provide them with

oncrete examples of vdrious cohdb. liguids. and gases.
and a~k them to classify these according to the approp-
ridte categors At another level. assume that the intent s
10 dssess the students” understanding of the concept that
air 1 all around us. instead of posing the classical ques-
tion “Where & air™ ask Specific questions such as. s
there air under the table”” or~Inside this boa”" or “In that
bbttle ™ On the topic of gravity. provide the students with
various objects of different weights and s17¢s. and let them
predict which object will fall to the ground first when
dropped at the same time and from the sameheight as one

of the other objects selected as the control,
L4

~ Assessing the Effectivenass of Teacher
Strategies Analyzing student errors can also provide
information ahout the ¢ffectiveness’of the strategies a

‘
teacher uses 1IN Insiruction S(uden(s errors are often

caused by faulty sequencing of contgat, by overdramati-

éxpressions not in the stidents’ vocabulary. or by intro-
duction of new content with little attention to students’
previous experiences and knowlgdge My experiences in
teaching'.photosy Tthesis will servevas an example " The
same student errors on fests related to phO(OS\ nthesis and
other plant functions recurred year after year The stu-
dents percerved that photosynthests ns»(he reverse of respi-
ration. that respiration takes place only at mght and that
photosynthesis takes place only during the day After
several attempts to help students avoid suoh mrsconcep-
tions. I found the answer lay 1n changing tie sequence.in
which the topics were tayght Instead oftcachmgstudt.ms
the chemical formula,for. phot(m nthésis and showing

-them that the chemical formula for respiration 1s the same

but that the procesg 1s reversed fas | had taught it it the
past). { taught photosynthesis and 1ts formula’ with no
reference to respiration. I then taught respiration with its
formula on anothger occasion weeks later Studenterrors
on this specific topic were greatly reduced

.
. ~

~ -

-
’
’

<

1
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zation of anp application ofsa concept. by use of wordsand
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INTELFLIGEN'CE AND LEARNING

Synoptic Expose - '

Pldget views intelligence as an adapme behavior that *
allowsthe individual to cope mare effectively withhis her
environment He uses models from biology to describe
intelligence and learning He explains addptatlon as an
inherent need for an organism to be in a state of eguili-
brium Inevitably. the organism’s state of equilibrium 1s
distur bed either by the internal needs of the organism that
must be satisfied or by the external demands imposed by
changes in the environment -Adaptation L0 new condi-
tions 1nvolves an active restructuring and accommoda-
tion to the environmen¥on the parg of the organism This
may result in a Jasting alteration of form or structure
Fquilibrium. the self-regulatory process upderlyinga bio-
logical organism. 1s achicved through the processes of
accommodation and assimilation which are defined below

Accommodation s the immediate and overt re-
wponse to environmental demands This entails changein
the intellectual structures or schemes

A s hente 1s what 1s generalizable ina given action
Schemes are coordinated among themselves in higher-
order strftures Scheme is distinguished from schemain
that schema 1 related to representational or figurative
accommodations while «cheme 15 related to operatne
accofnmodatipns

a Achildsin astate of equilibrium when he shé has

awembled all the pieces of a ngsaw puzzle to make the
picture on the cover of the box Suddenly a designgn the

. picture catches his her eye Neither the color nor the

shape, of the design corresponds with what the child has
on the completed puzzle He shes disequilibrated and

« must ‘adapt to the new situation In this case the child

could very likely begin reorganfzing the pieces of the
ngsaw puzzle to match the picture on the box exactly
This 1s the process of accommodation When he she suc-
cessfully completes the puzzle. a new state of equilibrium
1s reached The child who has assimilated the skill or
knowledge required for the new challenge emerges from
such an experience with new structures of schemes that
make him her(@ cogmuively richer individual

Afsimilation s the internal shaping of experience
and the incorporating of the newly acquired experience
into enisting schemes Assimilation. then. involves both
.restructuring one’s experience and reinventing personal
knowledge that becomes a part of the individual

The concept of equilibration s central to Piaget's
thcon of acquisition of knowledge Heattribuges acceler-
ation of intellectual growth to the *dynamic ﬁrogressw
equilibration " In Piaget’s words

The moment the equilibrium s reached on a point, structure is
1htegrated into a new system being formed. unul there 15 a new
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equilibrium ever more stable and of an ever more extend;ng
“field (1l.p 60)°
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“ lry addition to equilibrium, Piaget récognezes three
other factors that influence the course of intellectual
¢ development and the acquisition of knowledge They are
1. Hereduty, which accounts for the potential abulity
of an’individual to mature through the various
developmental stages.

2 Physical experience—"the action upon objects.”
This includes not only motor manipulatipn but

also perceptual exploration and judgment.
3 ‘Social trangmission, which includes sg?hoohng,
and the child’s interaction with adults as well as
« " with his her peers. - “

»

Implicatign¢

Learmng. according to Piaget, 1s an.ntellectual as
well a5 an affective activity by which a person responds to
environmental sumuli by organizing his her existing
expenences and weaving them 1nto the new expegence
This 1s a ummque act of creation on the part of each

- ndividual [Therefore. the abihity to respond to and pr'éa-
mze new s(gn lhor new knowled ge 1s highly dependent on
the indevidudl learner’s previous knowledge and experi-
ences and on what he she“is able to retneve frgm tns
bank of knowledge and experiences that will enable
him her to find a state of equhibnum  Looking at learn-
ing from this point of view hasdefimte implications when

-

considering the many dimensions of tefHing science to -

youngsters with learming disabilities. ° .

Sensitizing Teachers. According to Piaget's

theory of learning, it 1s imperative that the teacher deter-

. mine students’ learning readiness A student is ready to
. learn a particular concept only when the particular

- schéme has been acquired—in other words, when the
student has become fambhar with the prerequisite con-

¢epts and skills. Since conventional intelligence tests and

other diagnostic tests do not provide the teacher with the

- information required for this type of teaching, 1t becomes
necessary to sensitize science teachers not to depend of
the diagnoses and the labels that accompany the learning
disabled students as they are mainstreamed. These diag-
noses and ladels are only an indication that the parﬁcular
student has or has had some basriers to learning. It 1s
important that science teachers use some diagnostic tools’
of their own. Science teachérs can be sensitizéd to the
perceptual flaws that may exist, trained in the skills
« meeded to appfy Piaget’s “clinical method,” and provided
with 1deas that will assist them in making" individual
diagnoses of students, without neglecting and taking time

'

Q

LRIC

. £/ ' ’

s «

( N
from the other students in class, so they will be providing
real assistance to students with learming problems.

In addition to such techniques as analyzing student
errors, confronting students with problematic situations
and analyzing their correct responses as well as errors,
and giving students manipulative matenals and observing
“their reactions, the use of toys is recommeénded for diag-
nostic, purposes. Toys lend themselves to such activities
and many inexpensive toys are based on ‘one or more
scientific principles, particularly those from the physical
sciences. Thesg toys can be used either as motivation
before a concept is taught Jr as evaluagon. Take special
notice of what the particular student pefrceives In the toy
or what explanation the particular student gives.

Motivation. Piaget explains motivation in terms
of hif equihbrium theory A state of disequihbration must
existtn order for thé child to be intellectually sumulated
Although each individual 1s seeking out stmuljation,
he she 1s selective. Only the type of simulationAhat can
disequilibrate im her becomes motivational. Plaget says
that to catch attention of a learner, the object, idea,
situation. Of event must be “moderately novel ™ The
learner 1s not interested. and cannot be motivated, by
whatis too famihar, nor can he. she notice what is so new
that it does not correspond to any of his her schemes
Play and puzzles, according to Piaget, are excellent
means of disequilibrating learners This type of intrinsic
grotvatioh has much more merit for students with learn-
ing disabihities than do the prevalent extrninsic types of
motivation currently used by teachers ©nce learnershave

" been intrinsically motnated. their attention spans also in-
crease i ’
Science teachers must try to overcome the pervasive
habit of providing explanations, mostly verbal, of a phe-
nomenon without first arousing the cunosity of the
students

.

- A Mulnsensory Hands-On Approach. Inter-
action with the physical environment 1s basic to Piaget’s
formulation on learning Many science teachers who are
given curnculums and matenalstoimplement a multisen-
sory hands-on approach have been disappointed when
they could not induce the learming of science concepts.
What has been overlooked 1s that the interaction with the
environment should involve active intellectual reaction
thdt can be simulated by and acted out;with the manipu-
lative matenals In Piaget's wor(ls -t

«

N

. Expenience 15 always necessary for intellectual dcvélopmer;t« .

" but I fear that we may fall into the 1llusion that being submitted
to an experience ( A demonstration) is sufficient for a subject to
dwengage the structure involved Butmore than this s required
The subject must be active, must transform things=and find the -
s’truaturf.uf his own actions on the ob)f:cts 3y
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Aruitoxt provided by Eic:

As excellent as the new shience curnculums with a

hands-on. approach may be, the science teacher must

» make the necessary, modifications that take into account
.the cogmtive levels and tapabihities of all students.

v

Individualized Instruction. Socigl transmis-
sion of knowledge, which jncludes the child’s interaction
. with adults as well as with peers, 1s one of the basic
_componerits of intellectual development and acquisition
" of kngwledge ‘Piaget 1s critical of individualized pro-
grams when the learner is deprived of the intellectual
challenge of questions, answers, and observations made
by peers apg adults regarding the concepts being learned
He expreéses his criticism in the following staleme?&"'

The sentimental and the natbiral worriers have been sadden/dby
the fact that schoolmasters can be replaced by machines 1C1 my
view. on the other hand. these machines have performed at least
one great service for us, which 1s to demonstrate beyond all
possible doubt the mechanical character of the schoolmaster’s
function as it is conceived by traditionad methods. if the ideal of
that method 1s merely to eliaat correct repetition of what has
been correctly trapsmitted. thepn it goes without saying that a
machine can fulfill those copditions correctly {14. p 77)
However. individuahzed activities can be useful in
providing the kind of repetitive drill essential for reinforc-
ing certain terms, definitions, processes. etc They can

N ,

help mostly 1n areas where melnor;zation 15 needed

Instead of depending on individualized programs thét

1solate the learner, teachers can select and adapt some of

the activities of such programs and prescribe them to
¢+ learners as perSonalized expenences. '

Global Exploration, Analysis, and Synthe-
sis. Piaget's observations of the way a child explores
obyects has tmplications for all levels of instfuction “Per-

, _ceptual or sensori-mgtor activity develops noticeably
with age™ Durng, the early 'stages, the child remains
almost passive when confronted with objects he, she has
to identify THere 1s no decentration so shat he she does
not really explore them at all. (16, p 39) Later, the chud
learns to explore the ,object as a whole—what Piaget
terms global experience At a later gtage, the child ana-
lyzes specific features Finally, at the level of genuine
operations, the child 1s able to explore the object system-
aucally and with some kind of synthess. '

«  Jn order to study an area of knowledge n greater
depth (and this 1s so true tn science). 1t becomes necessary

_ tosolate 1t from the main concepts 1t 1s related to. Con-

» siderable time 15 devoted to the study of leaves, the study
of the sun, and so on in science classes. Most teachers are
completely oblivious to the idea that these topics com-
prese only parts-of a whole. Teachers assume that some-
where during previous experiences, learners have reajized
that a cell 15 a unit of strugture in ali living o.rganisms. that

.

a life function 1s only one of all the other hife functions of
an organism, that aleaf is a part of a whole plant, and that
the sun 1s a part of a umverse. We also assume that the
learner is capable of integrating the newly acquired
knowledge with what he/she may have been exposed to
previously However, most students are not able to per-
form this synthesizing task without assistance from the
teacher . .
This concept has particular implications for the
instruction of students with special learning disabilities.

many learners 1n this category are unable to perceive the’

relation of parts to whole. Instead, they perceive the topic
being analyzed as an 1solated fact Thescience t2acher can
assist these learners by presenting the concept to be taught
W 1ts “global”™ aspect first and by constantly refernng to

*the relation of the part beinganalyzed to the whole When
teaching about different parts of a plant, preserif #live
plant and constantly refer to how and with what effect

"each function or structure is related to the wholéplant
& hen teaching about change of physical state. use many
more examples than just the change of state in water.
Such sample strategies illustrate how science teachers can
provide conceptual learning rather than fragmented,
unrelated facts This approach will aldo eliminate a
number of misconceptions When a high school biology
student was exposed to the study of DNA, she expr‘essed.
her confusion by saying, “How can there be atoms and
molecules in a living cell” A cell 1s ‘the smalles¢ unit of a
living organism. and atoms and molecules are the smallest
particles of nonliving matter ”

\

DEVELOPMENT OF LANGUAGE

-

Synoptic Expose ‘ .

v

Piaget argues tifat understanding concepts and deal-
wng with gbstractipns require logical reasoning, not just
fambliarity with and ability to repfbduce words and
phrases that explain the concepts Logical reasoning is
primarily nonhfiguisuic Piaget considers language —the
ability to represent aq objeét or an 1dea by a sign or
symbol—as one of the semiotic functions In addition to
langdage. semiotic functions include imitation, play, and
images. Understanding concepts and assimilating know}-
edge rcq}nre internalized mental actions, operations, on
the part of the learner Piaget believes that logical struc-
tures and their prerequisite mental operatiogs develop

before language “The acquisition of language presup- -

posesthe prior formation of sensori-motor intelligence ™
(15. p 91) The vocabulary that-a child progr&ssweiy
develops 1s meaningless babble unless these words are
based onsensor-motor experiences that stimulate mgntal
activity in the learner Paaget ps critical of schplars who
reduce “the entiré life of the nlind to speech " (15, p 83)

"
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Aruitoxt provided by Eic:

His explanation of the relati‘onshxp of language tologicis.

as follows:

Language does not constitite thc source of logic but itis, onthe
contrary, structured by it The roots of logic are to be sought tn
the general coordination of actions {17.p 90)

' ‘

v
”

However, Piaget does nclJ't underestimate the role of
language 1n the course of intellectual development. Lan~
guage, a$ one of the Semiotic functions, makes thought
possxble by providing an unhimited field of apphcatxon
(17.p 91) Elsewhere Piaget states *

)

Language can constitute a necessary condition for the comple-

“tion of logico-mathematical operations without being sufficient

condition for theirr formation (12. p 68)

Piagf:t's observations have shown that language is
deceptive With respect to thought and understapding

4 ~

Implications

Most science teachers rely on language as a mediumn
for teaching, and they consider learngrs’ verbal defini-
tions of terminologyor verbal explanations of concepts to
be indications that the learners understand the underlying
concept being taught . v

Learning disabled children have probiems with

" understanding and using language, whether spoken or

written. Such learners may also have d/ffyculty in express-
ing their understandmg verbally or in written form. Con-

Jlrary to-the argument of many scienck teachers that
“students must know the definitions of terms before-any

teaching can take place, science cam be taught with few
verbal eXplanjnons An effective strategy 1s first to pro-
vide appropridte activities that guide the learners to intui-

tively internalize the concept and then later-to give the,

verbal explanation or term. Y ,

It 15 also, important to remember that dunng the
course of intellectual development, reasoning about
things (concrete operation) develops prior to reasoning
aboutverbal propositions (formal operation) Such reah-

¢ zation may enable teachers to depend less on verbal

explanations and more ongoncrete experiences.
It 1s also important for teachers to reahze that lan-
guage 1s deceptive with respect to thought and under-

standing. Teachers are often musled by the verbal §acnhty.

of some students: they may believe that these students
comprehend the concept and are able to handle more
advanced concepts/than they are-actually able to, On the
other hand, they are ofte_n fooled by the language hand:-
caps of some students: they may think that such students
have lower mental abilities than they actwally possess.

I3
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~ DEYELOPMENTAL STAGES"

Synoptic Exposé . .

_Piagetdescribes intellectual development asev olrmg
through various Stages in the ontogenetic development of
the child; 1t occurs 1n peniods, stages, and substages n
which eacl”one lays the foundation for its successors. In
Piag2t's words, “Development is achieved by successive
levels and stages " (I1.p 10) .

Pnagex recogmzes™four stages the sensori-motor
stage, the pre-operation stage, the concrete operation
stage. and the formal opération stage He contunues to
describe these stages:

Let us note that these stages are precisely characterized by their
set order of succession that is. 1n order to reach a certain
stage  previous structures which make for further advance
must be tonstructed (1. p 10)

This 1s one of Pjaget’s most popular formulations
W hat 1s often ovérlooked: 15 that children do not pasg
through these stages at partxcular chronological ages;
however. these stages do occur 1n a set order

They are not stages which can be given a constant chronulogxcal
date On the contrary, xhe ages can vary from one socm) to
another (H p iy

, 4

.He explains elsewhere

The maturation of the Nervous system cgp do no more than
determine the totality of possibilities at a gRenstage, A particu-’
lar social environment remains indispensable fof therealization
of these possibilities It follows that theirsrealization can be
accelerated pr retarded as a function of culturaland educational
conditions (8 p 337}, !

Researchers who have used Piaget’s operational tests
with different groups of children have found that all
children do not reach the same developmental stage at the
same chronologxcal age Forexample, there 1s a time lag
of as much as four years between children 1n Mammque
and children in France in reaching the same«developmen-
tal stage (14.p 37) .

We erroneously assume that students in secondary
schools, because of their chronological age, have reached
the formal operation stage. Any teachey can fell that a
large number of his, her students do not exhibit the cogni-
tive skills characteristic of this stage. Several studies con-
firm that many secondé#ry school students, as well assome
college students, have not acquired the cognitive skxlls
appropnate to the stage of formal operation, althou_gh
they have the potential to have attained this stage (3.6)

Many seventh- and eighth-grade students assumed
to be at the formal op¢rational stage may stll be in a

period of transition from the concrete ope¢rational fo the

. Rl
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formal operational stage. ™

Another of Piaget's observations that 1s often over-
looked by teachers 1s that when a learner 1s confronted
with an unfamiliar or difficuit problem, he or she reverts

to a previous stage of thinking. ‘
Implications A .

Teachers at all levels 8f instruction must realize that
not all of their students devélop ali their cognitive poten-
tial at the same rate. This is of particular importance to
teachers who have been entrusted with teaching students
with special learning problems. Many of the learning

problems experienced by youngsters with learning diffi- %

culties are related to ?ogical immaturity. Learners with
perceptual or motor difficulties can be reached and’often
remediated with approprnate strategies. Learners who
- have had hhmited stnsory.experiences may mamfest per-
ceptual difficulties. Often learners are labeled as learning
disabled when 1n actuality their “disabihity” is nothing
more than a lag 1n maturation. Therefore, strategies that
take 1nto account the needs of these learners can help
them reach the next stage of intellectual development as

Nevertheless, the task of teaching science to students

with learning difficulties is not easy. Models of effective

teaching strategies. appropridte instructional matenals. and
relevant curficulums for handicapped learners are scant.
Piaget’s conceptualization of the development of.intellect
and learning can assist teachers to plan. develop. and adapt
strategies. matgnals, and curniculums 1n science that will
involve those learners with special learning disabihties.
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The effects of lack of vision onlearming and perform-
ance have received considerable attention in the literature
on blindness. (1, 4, 8, 9, 12, 17, 21) However, the effects of

< lack of vision on mastery and comprehension of measure-
ment concepts for bhnd students have received only
limited attention. The review in the flrst section draws on
existing hterature to establxsh tentative guidelinés for
consideration in developing matenals for blind students.
The following section summanzes a program for intro-
ducing metric measurement to blind students developed
at the American Printing Hduse for the Blind. Louss-
ville, Kentucky, with consideration of the guidelines, crit-
1cal concepts and activities underlying the presentation of
measurement are emphasized. ~—— i

! I. GUIDELINES FROM THE,

LITERATURE

“;

‘ EN

e —uees- Jtois generally. aceepted that alb-children progress

through the same overall developmental sequence (7),

+  although the rate at which blind children reach various

‘ developmental levels may differ. (11) It 1s essential that

N bhind children be encouraged to gain information about

themselves and their environment dunng the appropriate

developmental phase in which this interest naturally
occurs in all children. G.T. Scholl states that.

may result in trreversible retardation or below -average perform-
ance of that skill....There are. .. needseIn physical and motor
areas which must be satisfied if near normal development is to
be achieved. (18, p. 67)
' F.E. Lord emphasizes that “environment must be made
,meaningfyl to [blind] children at an early age since atti-
tudes toward travel and exploration are established dur-
ing this period.” (10)
. Intheabsence of visign, the blind child mustlearn to
“develop her or his bther senses in qrder to gain the needed
understanding of self and enviranment. The tactual-kin-

+ L
’ 7

Deléys 1n the acquisition of skills beyond the stage of readiness’

3. METRIC MEASUREMENT‘FOR BLIND
STUDENTS , .

by Frank L."Franks’

The author examines specific skills prerequisite 1o the development of measuring

skills, and outlines an approach for developing these skills in the blind. Frank L.

Franks is aresearch scientigt in the Department of Educational Research, American
* Printing House for the Blind, Louisville, Kentucky.
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esthetic sense has been recognized as an’ important
avenue through which the blind child may acquire the’
necessary input. (5.11)Incorporated into the tactual-kin-
esthetic sensc are the elements of touch. mo»emmt,‘and
muscle memory. Motor movement, using the various
body parts, enables the child to move out, explore, and
interact with the immediate environment. (5, 20) For the
blind child the possibility of variability, distortion, rigid-
11y, and restriction is increased due to the loss of vision “as |
a unifying and structuring sense " (11) BJ Cratty notes
that a blind child’s manipulative development may not be
equal to that of a sighted child because of the apparent
importance of visual stimuli for the investigation of mani-
pulative behavxors by the child with normal vision. (3)
C.Y. Nolan, ina repdrt on research in education of
the blind, states: .
Visual deprivation results in a great reduction 1n the possible
amounts of direct and vicarious contact with the environment.
As a consequence, the proportionsQf experiences that must be
classified as abstract s greatly 1ncreased for the blind (14, p
244)

[y
.

. M H. Tillman observes that the blind tend 10 approach

abstract conceptualization problems from a concrete and
Junctional level, and consequeml) lag behind sighted
children. (19) R

The capacity to recognize, identify, dxscnmmate and
manipulate the features and processes of the world
around them is necessary for blind children if they are to
acquire lang ge. (2) 1. Zwibelson and C F Barg suggest
that blind cfildren learn gradually to differentiate their
environment through tactual and auditory modalities.
They clarify the difficulty with word cognition that blind
children seem to have:

T here is confusion between the spoken word and the meaning of
the word as 1t relates to phenomenological expenences. One
must consider that language 15 manufactured by sighted people
and that the biind child’s means of conceptualizing and perociy-
ing reaiity are dufferent than those of the sighted It cantherefore
be expected that the methods used in learning language or the

23



L4

E

sequences of language development of the blind and snghtred

"/ children will be different. (22, p. 218)

Q
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In a study of three levels of concept development of
blind and sighted children, aged 11 to 13, Zwibelson and
Barg found that the blinq subjects functioned primarily

. on a concrete and functional conceptual level and not on
an abstract level. (22) The authors report that these results
agreed with the observational studies of Nagara and
Colonna (13) and Maxfield (16), and with the empincal study
of Rubin. (17) S. Axelrod (1) and E Omwake and A
Solnit (15) found that auditory and tactile tasks that were
abstract in nature posed greater difficulty for early-
blinded children than for sighted children .

Zwibelson and Barg feel that communication with
blind children 1s possible because meanings, in terms of
physical events that they have experienced, are .simi‘l@r,
whereas referents require mqre refined discrimination.
They suggest that blind children must be given ample
opportunity to explore and manipulate their surround-

~1ngs if verbal concepts are to develop (22)

The considerations that follow are drawn from liter-
ature relating to problems imposéd by lack of vision
They are stated as tentative guidelines for introducing
metric measurement to young blind students Whilg sev-
eral of_the guidelines are*very similar to those for sighted
students, they are presented here because they are con-
sidered critical facters in ﬁhé introduction of measure-
ment to young blind students.

1 Totally bhind students receive no sensory stimula-
sion or input from visual aids and materials.
"2 Legally blind students receive limited sensory
stimulation and input from visual aids and mate-
rials, depending upon the amount of residual
vision and visual efficiency of each student.
3. Instruction of blind students should emphasize
tactual-kinesthetic experiences -y
4 Motor. activities involving exploration of the
environment to acquaint the students with the
c¢omponents of theirr surroundings should be
_maximized.
5. Extensive activities in classifying, comparing.

ordéring, and measuring famihar objects close at,

hand should be encouraged,

6. Activities of a co’hcgete and functional nature
should be emphasized.

7. Abstract conceptualizatibn in measurement
should onginate 1n and; or be related to concrete
and functiongl activities. ;

8. Additional manipulative and explorative activi-
ties should be afforded blind students.

9. Prerequisite skill-related activities and games in

5
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10. The young blind student should not be rushed
Jfront one phase of a program to another but

. should proceed systematically at her or his own

rate. .

11. Appropriate language and verbal concepts
should be taught as they are ysed not in isola-
tion and should berelated to concrete objects in
the environment

maliar

II. THE APH METRIC MEASUREMENT
PROGRAM 1

-

The program provides a framewark or basic struc-

‘ ture for developing the readiness component of acompre-
hensive metric measurement program for elementary-
level blind students>7It contains tasks and activities
considered essential for preparing young blind students

* for measurement instruction as presented 1 the elemen-
tary mathematics curriculum. Teachers areencouraged to
explain and illustrate ygcabulary terms, to demonstrate
measurement operations, to assist young blind students1n

. performing and verbahzuig these operations correctly,
and to extend the'program to ynclude additional hands-on
activities in the environment.

Basic measurement operations in linear measure-
tnent, volume, and mass are tntroduced. The scope of the
program as the development of instructional materials
that (1) provide prenumber measurement activities, (2)
utilize basic number concepts taught by the teacher, and
(3) combine the two to introduce number measurement.
The sequence of activities egiphasizes prenumber mea-
surement experiences that provide background for the
higher degree of abstraction required for measurement
using numbers. The program was developed for students
in grades K-6. Process-related activities in classifying,

comparing, ordering, and measuring are integral compo-
nents that are utilized in the instructional programs in
linear measurement, volume, and miass.

Prenumber Measurement. Hands-on manip- -
ulative activities in classifying, comparing, ordering, and
measurning without numbers are emphasized in prenum-
ber activities to provide a base for introducing number
measurement. Classifying activities include identifying
objects and putting them together using height and length
or volume or weight. Comparing activities establish rela-

‘ tionships bgtween the student and objects in the environ-
ment and between various objects using such compari-’
sons as taller and shorter or larger and smaller. Qrdering

pactivities include the arrangement of objects and of sticks
from shortest to longest or from lightest to heaviest.

measurement should be imitiated at the kinder- ~ Measuring activities focus ontactual inspection and iden-

garten and preschool levels.
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will be_used 1n performing measurement activilies using:
numbers. Numerous mampulation e:ienences with ob-
jects over an extended penod of ume provide sensory

- expenences that can facihitate the acquisition of abstract

.

mathematical concepts by young blind students, Conse- -

quently, additional measurement dctivities are suggested
far younger students.

Number Concepts. The regular mathematics
curriculum’ emphasnzes the students’ associating of fum-
ber names with collections of objects, the naming of
numbers, and the counting of collections of objects to
1denm’y the number. When students have acquired the
concepts and language for some numbers, such activities
as classifying, comparing, ordering, and measuring can
in¢lude the use of these numbers. Naming the numbers 1

through 100 and counting to 30 are skills that will be **

necessary for mimmal performance in the number mea-
* surement sections of the program.

- Measurement with Numbers. Number mea-
surement introduces standard units 1n metric measure-
ment. Suggested number measurement activities are built
on the expenenges presented in the prenumber measure-
ment section. With the introduction of standard metric

- umits, students repeat the operational tasks, but this time
they use numbers. Forexample, units on measuning sticks
in prenumber measurement were used as nonstandard
units. Students had no concept of cenumeter. Now they
learn that the centimetet 15 a stindard unit by using it to-
performa numerical measurement task (e.g .10 meagurea
stick 7 centimeters 1n length).

. Preparatory Activities fox_Young -Blind
Students. The measurement process for youngchildren
begins with their perception of objects that make up their
environment. The opportunmcs for very voung bhnd
children to interact with their environment often are min-
imal and fragmented. Consgquently, their perceptions of
their surroundings, including the 'mmediate environ-
rhien), are severely restnicted. Imtial readiness actwitiesn
measurement for very young blmd students should begin
with exploring. mampulatmg, and classifying environ-
méntal components.

Although a number of classnﬁcauon activihes are ™
included 1n the program, such prerequisite or preparatory
activities as identsfying, labeling, and sorting objects at
the kindergarten level are not provided in a specific intro-
ductory umt on classifying. When the readiness program
1s used with young students who have not learned these
skills, appropriate activities that relate to natural expe-
riences 10 the environment should be provided. It 1s pot
safe to assume that young bhind students have learned
these skills. They should have exposure to a wide range of
experiences and objects 1n their environment and should
discover properties of objects they will eventually mea-
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sure. Some suggested preparatory measurement activities
ustng accompanying program. materials “include

1. Identifying objects (¢ g.. a spoon, a glaSs)‘/w;A‘n
they are named “Show me’a spoon.’ )

2. Identifying obfects by name. “This is a glass ™

3. Sorting objects. “Put the spoonsm this box. ““Put
the Small things in the tray

For young blind students to achiéve maximum com-
prehensnon of the measurement concepts introduced in
this program, gt 1s imperative that they have developed
adequate body awareness, have 1dentified concrete ob-
jects and their components (e g., chairs, tables), and have
mastered locational and directional referents -critical to
spatial onentation 1n 1hexr immediate environment.
Obsdgving and mamipulating concrete objects ina known,
famhar environment with the application of essential
measurement vocabulary will foster the acquisition of a
kinesthetic feeling for the metric units of measurement
This knowledge underlies the ultimate goal of accurate
interpretation of the various sy mbes and relationships in
metric measurement. .

Body Awareness. Students need to percejve
their own bodies and body parts accurately as.the first
step 1n developing a concept of body image. This is
imtiated through identification (e.g , nose,arm, foot) and
classification (e g , eyes, nose, ears, and mouth as parts of
the head) of the following parts'

Head Neck Fingers

Eyes Shoulders Hips

Ears Chest Legs (upper.
Nose Stomach lower) \
Mouth Back Knees

Teeth Arms (forearms. Feet (ankles)
Tongue upper arms) Heels

«Face Hands (palms. backs Toes

Hair of hands)

Y

Common Objects in the Eyvironment. Stu-
dents should be introduced to relevan%hjects and should
systematically "acquire knowledge of self and of these
objects in relation to the environment prior to instruction

I. Self is introduced in relation to an object (e g., a
chair): The student moves, the object does not
2 An object in relation to self The objectis mo\'c(f}
) by the student. ‘
3. Combined relationships. Focus 15 on self to object
L and object to self. \

)

When identifying and classifying furniture (e.g,
chair, table) used 1n the instructional umits. the compo-
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nent parts of each piece used (e.g.. table— fegs. top. edécs)
should be 1denuﬁed and classified during studtnt ex-
ploration.

Spatial Orientation. A number of logational

and directional referents successfully used by blind stu-

dents ‘as young as 5 were reported by F. Franks (§) These
referents have implications for facilitating movement in
the environment, for organizing and manipulating ob-
jects for measurement activity tasks,’and«or intrcoducing
spatial concepts relzzted to meé§urement. These referents

are: . ¥ .
\ 4
On, off Middle, between
In front of, behind Around, beside
Up, down’ . Along, across
Over, under Near, far

Toward, away. -« Right, left

Activity Sequence. There are sequential activi-
ties 1nvolved n the three readiness sections of this pro-
gram that are essentia] before young students can beginto
acquire more abstract prenumber and number concepts.

Thesg activities are inherent1n logico-mathematical oper-

ations that underlie the regular elementary mathematics

program, as well as measurement.

. The following sequence presents a representative
breakdown for those teachers who wish to view the mea-
surement program in terms of behavioral objectives,
including preparatory activities for young blind students
Students will— .

)
1 Name apd identify common body parts on them~

. selves.and on others.

. Place themselves in relation to_objects

3 Place objects 1n relation to the environment by
using directional and locational referents {

4 Aligno *ends or place objects side by side1n
order to makd direct comparisons.

5 Make simpl¢’comparisons judgments of length
and height, volume, weight, and area invalving
less than and greater than. .

6. Understand that two objects and the qualities of

two objects (length, height, volume. weight).are -

either the same or different. ° .

7. Senate (order) the quahties (leng\h, height, weight.

volume) of three or more objecks

8. Understand the yuantitative ter

with respect to number.

9. Comprehend and execute the proceﬁurc outlined
in-the “mechamcs” of measdrement, using arbitrary
units and measuring aids worksheets.

Make simple esimations with respect to length
volume, and weight.

. Use develop a kinestheuc awareness of the

more and less

-

standard’ units of measurement introduced 1n
each area linear, volume, and weight mass
Ahgn objects ‘with one-to-one correspondence.
Count by I's to 30
Count by 10’s to 100
Count recognize numerals in print braille to 30.
Senate (order) any group of three or more given
numerals betwéen | and 100.
. Understand ordinal terminology from first through
four!h *
Measure gbjects to the nearest metric unit ineach
of the specific,areas of the measurement program
linear. volume. and weight mass

12.
13.
14
15.
16

* Additional Learning Problems. Very young
bhind students and blind students who may_be develop-
mentally delayed or have motor or other problems
require additional consideration The teacher may wish to
enrich a hands-on approach by assisting each student in
placing and manipulating tangible materials Complex
activities involving several directions should be brokén

" down into one-step tasks. Tasks should utihize a ssmph-

fied vocabulary appropriate to the comgrehension level
of the students. Each task should bl\a-dpahzed as the
teacher goes through each movement-Yariations in activ-
ities and'1n use of matenials may be necessary, but these
changes should not alter the measurement concept illus-
trated 1n the activity

Representative Activities .for Older Stu- -
dents. The APH program includes representative activi-
ties that focus®n Student performance for use.with older
students who have mastered many of the,manipulation
and performance activities written for younger blind stu-

" dents. The program is ndr designed to pinpoint readiness ~
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"go through the entire unit.

concepts within the unit for remediation with the use of
specific activities. If a student cannot perform the repre-
sentative activities successfully with ease, she or he should

\
EVALUATION

\

- ¢ ML

The program materiélts were devefoped rat the Flor-
ida School for the Blind with some 50 students in grades
K-6 participating. The materials were reviewedby mathe-
maltics content experts to ensure that they included criti-
cal measurement conceptual information contained in the
elementary mathematics curriculum. After the materials
were revised ahd edited, they were sent to centers across
the country for evaluation by teachers who used them

with blind students to determine sheir appropriateness

.

4

*

Since the materials development occurred 1n aresidentiab~ - |

setting, evaluation was concentrated 1n programs with

R’ \




-

.

~

legally blind students mainstreamed in public school
classes. More than 100 students from Massachusetts,
Michigan, California, Tennessee, Colorado, and Wash-
ington, D.C,, particpated. °
Interviews and responses from teachers indicate that
they were highly successful in using the materials. Stu-
dents began with linear méasurement and progressed
through volime/capacity to mass/ weight. Although there
was not specific carryover ffom one unit to the next,
students were reported to have acquired some transfer
that facilitated learning as they progressed through the
units. Some teachers reported using the matenals with
blind students in the regular class with the tactile aids
serving as visual aids for the sighted students. In some
1nstances the materials were used as the metric measure-
ment’ program for the entire class. Kindergarten and prim-
ary grade teachers indicated that tkgy were able touse the
prenumber sections with very young stadents, and, conse-
" quently, they were able to begin measurement instruction
with the blind students at the same time that they intro-
duced it 10 sighted studenss in the class.
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The authors explore the meaning and purpose of mainstreaming and the value of
. e . . . e
+coaqperative groups as the goal structure within which this purpose can best be
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4. MAINSTREAMING HANDIC;&?PI:ID STUDENTS ,
INTO SCIENCE CLASSROOMS

by Roger T. Johnson and David W. Johnson
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- As Wendy walf(ed away from -her resource room toward the

-

science classroom, she was feeling uncomfortable. She turned to
her special edi¢ation teacher looking for support and found the
teacher looking at her intently. She returned her teacher’s quick
smile and glanced through the classroom door at the busy Hustle
as students moved between classes. She didn't see the trace of
de:cty appear on her teacher’s face as she, too, peered ifto the
classroom. Wendy slipped irito an empty seat at the back of the
classroorft as the spzcial education teacher and the classroom
teacher chatted briefly. - .

will 1 be liked? Will I be rejected? Will other students
ignore’ me? These are questions that Wendy is asking
herself. Such questions are at the heart of successful
mainstreaming—the integration of students with intellec-
tual, emotional, and physical handicaps into the regular
classroom. :

For the past several years we have been investigating
proc‘?dures that regular classroom teachers can use to
ensure that mainstreaming is a success We began with
three assumptions. (1) Itis unfair and unrealistic to ask
regular classroom teachers to become experts in special
education, (2) Any teaehing strategy implemented 'in the
regular classroom. to facilitate the integration of handi-
capped students should benefit the education of all
students, not just those with special learning needs; and
(3) Building positive relationships between handicapped
and nonhandicapped, students is the first priority of
mainstreaming. When handicapped students are liked,
accepted, and chosen as friends, mainstreaming becomes

a positive influence on the Jives of both handicapped and

nonhandicapped students.

Why are handicapped students being integrated into
the regular classroom? The purpose is to structure the
classroom learning in such a way that— _

1. Friendships are formed between handicapped :nd
nonhandicapped students.

2. The social skills of all students are promoted.

3. The self-esteem of all students is enhanced.

4. The achievement of all students is maximized.

-

v

Sound great? Can it be accomplished just by placing
handicapped students in the regular classroom and letting
life proceed as‘plways? ‘No, # can’t.

__Biacing handicapped students in the regular class-
room provides the beginning of an opportunity But, like
all opportunities, 1t carries the risk of making things
worse as well as the possibility of making things better. If
things go badly, handicapped students will be stigma-
tized, stereotyped, and rgjected. Even worse, they may be
1ignored or treated with the paternalistic care one reserves
for pets. If things go well, however, true friendships and
positive relationships may develop between the non-
handicapped and the handicapped students.

What does the regular classroom teacher do o
ensare that’ mainstreaming goes well? The answer goes
beyond explanations of the law, additional formstocom-"

plete, extra meetings to attend, or lectures on various
learmin otional, and physical disabilities. What is
needed understanding of how the process of accep-

tance works 1n a classroom setting and of how specified
teaching strategies help to build positive relationships
between handicapped and nonhandicapped students as
they attend the regular classroqm together. This article
defines mainstreamung, fecognizing the relationship
between handicapped and nonhandicapped studentsas a
key 1ssue; describes the specific strategies for setting up
heterogeneous cooperative groups of handicapped and
nonhandicapped students to encourage acceptance,
friendships, and higher aghievemcrit, and points out the
strong relationships between learning in cooperative
groups and the area of science.~ .

3 “

INTEGRATION INTO THE
.  MAINSTREAM
<

»

- .
First, let us look 4t a definition of mainstreaming.
Any definition of mainstreaming is incomplete if it does
not include the premise that it should be conducted to
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maximize the likehhood of handicapped students' access
to constructive interactions with nonhandicapped peers
and to normal Life experniences. Placing a handicapped
student in the corner of a classroom and providing indi-
vidualistic learmng expenence! 1s not effective main-
streaming. Mainstreaming is successful only if it fosters
friendships between handicapped students and nonhandi-
capped peers. (3, 5) Thus, a complete definition of main-
streaming is as follows:

Mainstreaming 1s the provision of an appropriate educational
opportunity-for all handicapped students in the least restrictive
alternative, based on Individualized Education Programs.
with proceduralsafeguard$ and parens involvement, and aimed
at providing handicapped students with access'1o and con!truc—
tive nteracuion with nonhand:capped peers

What does the mamstreamed classroom look like?
Exceptional students usually spend more than half the
day inregular classrooms, leaving occasionally to go to a
resource room Or resource center either to participate 1n
educational assessments, individual tutoring, or smgll-
group instruction, or to pick up and dehver assignments
prepared by the resource teac\er but completed 1n the
regular classroom. @he resource teachers and the regular
classroom teacher, working as a team, may schedule a
student to use the resource center for a few minutes or
several hours, depending on the student’s learning needs
The regular classroom teacher and the resource teacher
share responsibility for the learning and the socialization
of exceptional students, and both take an active instruc-
tional role The regular classroom teacher, who is respon-
sible for grades and report cards, usually consults with the
resource teacher 1n grading exceptional students

One other point needs Yo be made about students’
access to each other in the classroom: It 1s effective and
proper for classroom teachers to hold a broad defimtion
of mainstreaming when 1t comes to interactions within the
classroom. The “very quiet” student sitting by the win-
dow, the “very bright” child sitting near the front, the
“disruptive” student at the back, and the, responsible,
“average” student seated 1n the middle of the room all
need to be matnstreamed 1n the class setting right along
with handicapped students. All students gain by being
part of a classroom chimate emphasizing the building of
accepting, helping, and sharing behaviors.

Learning outcomes for all students are -discussed
briefly 1n a later section of this article. For the moment, let
us turn to one of the initial problems 1n mainstreaming—
the attitudes of nonhandicapped students toward their
handicapped peers. '

Desirable K‘inds of Interaction

Whether interaction between handicapped and non-
handicapped students results in 2 process of acceptance or

LY
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rejection is determined by the type of interdependence
among students’ learning goals and rewards, which is
structured by the teacher. Within any learning situation, a
teacher can structure positive goal interdependence (1 e,
cooperation), negative goal interdependence (1.e., compe-
tition). or no goal interdependence (i e., individualistic
efforts). (4) In a cuuperariie learning situation, students’
goal attainment 1s positively correlated, and students
coordinate their actions to achieve the goal Studentscan
achieve their learning goal only if the other students with
whom they are cooperatively hinked achieve their learning
goal. In a compentive learning situation, students’ goal
attainment 1s negatively correlated, and one student can
obtain his hergoal only iaf the other students with whom
he she1s competitively inked fail to obtain their learning
goal In an mdividualistic learning situation, the goal
achievemnent of each student 1s unrelated to the goal
attainment of others, there 1s no correlation among stu-
dents’ goal attainment Students’ successes are contingent
on their own performance irrespective of the quality of
performance of others
When mainstreaming begins and handicapped stu-
dents first enter the regular classroom, nonhandicapped
students form an impression of their handicapped class-
- mates, catégonze the pobservable characteristics. and at-
tach labels to the categories The labels of mentally
retarded, learning disabled. emouonalh disturbed, hear-
ing impaired, and so forth have negative connotations that
carry stigmas. From the beginning, therefore, handi-
capped students are perceived somewhat negatively, and
« this perception sets up the strong possibility of a process
of rejection by nonhandicapped peers.

Student-Student Interaction g

Each goal structure promotes a different pattern of

* nteraction among students Aspects of student-stutent
interaction important for learning are accurate communi-
cation and exchange of information, facilitation of each
other’s efforts to achieve, constructive conflict ganage-
ment, peer pressures toward achievement, decreased fear
of failure, divergent thinking, peer acceptance and sup-
port, use of each other's resources, trust, and emotional
involvement 1n and commitment to learning. (4) Cooper-
ation provides opportunities for positive interaction
among students, while competition promotes cautious
and defensive student-student interaction (except under
very limited conditions). When students are operating
within an 1individuahistic goal structure, they work by
themselves to master the ;ldfl or knowledge assigned,
without interacting with other students. . r
Thus, the cooperative goal structure 1s consistent
_yiththe intent of mainstreaming.— that handicapped stu-
dents have access to and constructive interaction with
their nonhandicapped peers. This doesn't mean that com-
petiion and individualism are ddhe away with com-

’
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pletely. In the ideal classfGom.all three goal structures are

“used appropnately. Allstudentslearn how to compete for

fun and enjoyment (win or lose), to work on their own and
follow through on an ipdividualistic task, and to work
cooperatx_(cly with other students., However, the major

_student-student interaction pattern sheuld be coopera-
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‘words, a positive

tion, not only because it has been demonstrated to be the
most effective for all the students, but also because posi-_
tive mainstreamingss facilitated by the cooperative inter-
action pattern and hindered by compc%xon or individ-
uvaltsm. Let us look at the process ofacceptance briefly for
further clanficatiory ot;thxs conclusion.

. n *»
, <
THE PROCESS OF ACCEPTANCE
.8

.

The process of acceptance begins with handicab‘ped
and nonhandicapped students’ being placed in small,
heterogene0us learning groups' and being given the
assignment of completing adesspn as a group, making
sure that all members master thd assigned work. In other

students’ learning gB8als. There is a great deal of research
comparing the effects of codperative, competitive, and
individualistic learging. (4, 5) Compared with competi-
tive and individualistic learning situations, working coop-
eratively with peérs— N .
L
1. Crﬁates a pattern of promotwe interaction, in
which there is— }
" a. more direct, face-to-face interaction amonyg
- students. .
) b. an expectatlon that one’s peers w:ll facilitate
‘ one’s own learning.

c. more peer pressure toward achievement and

_ appropriate classroom behavior.

d. more yeciprocal communication and fewer dif-
ficultifs in comrhunicating with each other.

e. more hctual helping, tutoring, assisting, and
general facilitation of each other’s learnings.

f. more opénmindedness regarding peers and
more-willingness to be influenced by thelr 1deas

_and information,

g. more positive-feedback to and reinforcement of
each other.

h. less hostility, both verbal and physical, ex-
pressed toward peers. ,

2. Creates perceptions and feelings of —

a. higher trust in other students.

b. more mwtual concesn and friendliness for
other* students, more attentiveness to peers,
more obhgatxon to and responsibility for
clagsmates, and a greater desire to win the
respect of other students.

~ . +

erdependence is structured among '

e

c. stronger beliefs that one is liked, supported,
and accepted by other Students, and that other |
students care about how much one-learnsand
want to help one another learn.

d. lower fear of fallure and highet psychological

. safety.
higher valuing of classmates

f> greater feelings of success. |

. As nonhandicappeg students work closely with
handicapped peers, the boundaries of the handicap
become more and more clear. While handicapped stu-
dents may be able to hide the extent of their disability”

when they are isolated, the intensive promotive interac- *

tion under positive goal interdependence promotes areal-
tst,i‘c as well as differentiated view of the handicapped
§tudents and their disabilities. If a handicapped member
of a learning group cannot read or speak clearly, the other
members of the learning group become highly aware of
that fact. With thys realistic perception, however, there
also come a deciase in the prignary potency of the
handicap and a decrease 1n the stigmatization connected
with the handicapped person. .

N

One other outcome of cooperative'grouping is -

important to any discussion of acceptance of differences.
A direct consequence of cooperative experiences is a ppsx-
tive cathexis (1, 2. 4, 5) in which:

1. The positive value attachéd to” another person’s
efforts to help one achieve one’s own goals
becomes generahized to the other person, and

2. Students positively cathect to their own actions
aimed at achnevmg the joint goal and generalize
that value to themselves as persons. .

y
In other words, when interaction occurs within a
context of positive goal mterdependence the acteptance
of and liking for handicapped peers by nonhandicapped
students increase, and the self-attitudes of handicapped
students become more positive, » '

s
'

STRUCTURING LEARNING
COOPERATIVELY IN SCIENCE
CLASSROOMS )

In many ways, the sciéncp classroom is an excellent
setting for mainstreaming. Science classes often focus on
gpparatps and experimentatipn rather than being bound
by reading and writing skills as requirements for success.
Havmg students work together is not new to science
teachers, they often group students, even when they are

not sure they want to, due to a short supply of materials or

equipment. Even when materials are plentiful, a teacher

. may put four or five students together so that they can

29
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help each other discover how tolighta bulb or complctca
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lab assignment. The expectation of the current, inquiry-
oniented programs in science is that students will interact
with each other, sharing information, generating alterna-
tive ideas, inventing tests to try out each other’s 1deas, and
sharpening inferences through discussion. However, unul
recently, little information has been available about the
speaific strategies for strucuflfmg cooperation among
group members so that groups, and especially hetero-
geneous groups"can work effectively and build posmve
relationships. \

What are the steps to be used in structuring coopera-
tive learning in science classes? The following guidelines
do not constitute a for‘l;nula, but rather amodel that many
science teachers have found helpful. This bnief summary
of the spectfic strategies designed to assist the teacher in
setting up cooperative groups s taken from Learning
Together and Alune. (4) To make the model more con-
crete, the example of its use with the‘Myslery Powders
umt from the Elementary Science Study (McGraw-Hill,
1968} will be included.

Assignment

The first step for a science teacher in structunng a
cooperative learning activity 1s to select an appropriate
group size and assign students to groups. Forthe Mystery
Powders unit a science teacher might divide a class into
groups of four students each—enough group membersto
stimulate each other’s thinking but not ¢nough to allow
one or more students not to participate. With 32 students
in the class; groups are formed by having students ran-
domly count off by eights. The “ones™ become a group,
the *twos™ another, apgd so on» The teacher’s intent 1s to
form' heterogeneous groups in which students have differ-
ent backgrounds, perspectives, and skillss Hetcrogeneous
groups are potentially the most powerful in problem-
solving situations. Sometimes students will ask if they
have to work with the group they have been assigned to;
they can be told that eventually they will work with
everyone 1n the class and that thisis their group for today.

v '

Room Arrangement

The second step is to ar‘range the room and the
science materials to promote collaborative interaction
among students. Group members should sit close
together, separated as far as possible from’ the other
groups. The mystery powders and apparatus are set out
on a centrally located table. One person from cach group
gets the materials fér the group.

P

Cooperative Learning Goals s,

The third step is td assign the task and describe the
cooperative sfructure of the learning goals. To assign the
task, the science teacher asks students to use their pridr

.

< . )
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experiences with referent powders to analyze a “mystery®
powder™ which might be one of the referent pawders, a

combination of the referent powders, or a new powder.

To set the cooperative structure of the learming goals, the

teacher asks each group to submit at the end of the class

period une report describing the students best opinion as

to what the powder i1s and the group's rationale for its

decision. Group members are told to sign the report oaly

if they agree with the answer and can explain the ratio-

nale. The students are told that they should share ideas,

histen to each other's ideas, participate in the testing pro-

cess, ask other group members to verify the results, and

dguble-check test results and information with other

groups when it seems necessary. The evaluation critena

are as follows if the group report s 100 percent correct,,
the group has done an excellent job, if the report is

partially .correct, the group has done an acceptable, but

not an outstanding, job, and if the report is way off, the

group is sent.back tothedrawing board (or the powder, in

thhs case). y

Formal and Informal Observation

- The fourth step 1s to observe the groups of students.
Assigning students to groups and asking them to work
cooperatively does not mean they will or cafdo so
Teachérs can use a formal observation sheet to check
specific aspects of cooperative interaction. such as partici-
pating dctively in testing powders, listening actively to
other students’ comments, presenting logic rather than
forceful opmion to the group. and summarizing data and
the group’s conclusions. After the teacher has observed
and modeled how to share observations without making
judgments about students’ actions, students may be given
the opportunity to use the formal observation sheet
Observinga group 1s probably the best way for students to
learn Cooperative skills—stiudents concentrate on the
presence and absence of the skills and see them used or
misused as the group learns science

As the teacher moves around the rdpm, he ‘she may
also make m}’o,rmal notes. A disagreeme\t anses in one-
group over which powder is the whitest."Ongstudent who
had been quiet takes out a piece of whl»tng‘:ons!rucuon
paper and places a sample of each powder on the paper.
The other group members see which powder is whitest,
and -they move on with their analysis. When observing
such student- studenf interaction, the teacher can jot
down a few notes to expand.on later when reflecting.over
the observational and achievement data and making con-
clusions about the class’s progress in learning science and
cooperative. skills. *

Intervention To Teach Social Skills

The fifth step in conducting a cooperative scignce
lesson is to intervene to teach collaborative skills in
o

“ .
.
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éroups that have\dlfﬁculugs warking together. A group,
for example, may be leaving out one member. The teacher
may stop the group, pointing out that not everyone is
being included and, therefore, that the group 1s, losing
resources and will have difficulty getting everyone tosign
the report at the end of the élass period. Inresponse to the
teacher’s observation, the group may degide to check
every few minutes to make sure that everyone is partici-

pating and understands what the group is doing. The_

group then proceeds with, its analysis of the mystery
powder. The teacher may watch for a moment or two and

" then move on to observe another group.

‘The basic cooperatyve skills students need to master

" are trust building, communication, leadership, and con- .

flict resolution, (4) Collaborative skills must be defined so
tha students will undgrstand how to behave coopera-
tively. Some groups may have problems integrating the
cooperative skills into their efforts to complete the
assigned task The teacher muj be able 40 say, “Put away
the powders for a few minutes. We've got a cooperative
skills problem to solve.”™ The téacher then stays with the
group as the group solves its problem. . .

, ~
Evaluatiorf of Students’ Work

The sixth step 1s to evaiuate the quality and quantity

A\ . y * *

- of the students’ learning The teacher collects the groups
reports and evaluates them according to the preset crite-

ria. Students may evaluate the functioning of their groups -

by spending the last ten minutes of the period discussing
*how well they worked together and each member's contri-
butions to analyzing the powder. The teat¢her may offer
some overall observations and listen as the groups share
their summaries with the class. -
To examine how this model operates to enhance
mainstreaming, let us return to the story of Wendy'

Wendy looked aroynd the classroom, hoping that the other
students would not notice her She wasable to manage a smali
smile as the special education teacher gave her an encouraging
nod and left the room, The teacher signaied for quict and asked
the students to “count ‘of” to form~today’s science*groups

Jotning her learning group, Wendy shyly s.ludned the faces of
Sally, Jack, and Sam as they jovially assembled. Aftes Jack had
brought back materials for the group, Sally suggested that the
group start with the “vinegar” test on the mystery powder to see

. af it reacted with acid. Wendy began to feel panic as the group

discussed what they were going to do toanalyzg the powderand

_ began cdging her chair back from the table When Sally, Jack,

#sand Sam turned to her, for her opinmn./ﬁe backed her chair
farther away and logked away, from their expectant faces as

tears began to overflow, despite her best efforts to hold themin '

The teacher quigtly appeared at Wendy's side and asked
what was ‘wrong I don't'want to work with anybody,” she
gasped. *I want to go back to my special 9las§r00m!" ’

Observing Wendy's fright, ghe teacher suggested, “The
group neceds someone o record its answers. Why don't you be

- . . . \\

the recorder for the group™ Sally, Jack, and Sam would appre-
ciate the help because they are going to need careful notes to
complete the ssignment "

After Wéndy was moved back intoghe group with paper
and pencil, the teacher moved to where she could watch the
group work. Wendy was clearly taking the responsibility of
recorder seriqusly, as the others shared the information with
her, she Listened carefully to the inferences and wrote them down
as neatly as she could Sally especially seemed skilled 1n explain-
ing the inferences t¢ the groupand inassisting Wendy in wnting
them;down .

he next day, 6bserving Wendy'senthusiastic participation ¢
in the group, the teacher smiled across the room to the smiling
special education teacher standing in the doorway

The story of Wendy is based on an actual occurrence
in a school where the authors were consulting The expe-
nience illustrates several important aspects of usthg heter-
ogeneous cooperative groups for instructional purposes
It 1s important that any science teacher who 1s main-
streaming special education students develop a “teaming”
relationship with the special education teacher who can
provide support for what is occurring in the classroom,
assist 1n teaching the group skills necessary for hand:
capped students to be successful 1n cooperative groups,
help to set reasonable expectations as to hap‘dicapped
students’ work, and provide classroom assistance 1n set-
ung up cooperative groups After cooperative groups are
prgamzed, students need to be reminded that it is a “sink
or swim together” situation—that every student 15 a
member of the group and needs to feel a part of the group
and to know the matenal. This may require some assign-
ment of specific roles and social skill teaching Perhaps
most of all, we need to keep 1n mind that the purpose of
mainstreaming 1s not merely a matter of learning the
matenal, 1t is really a matter of social acceptance and
frnendship among students who have been taken out of
the regular classroom and labeled handicapped and those
who have remained 1n the classroom without that label.

Although many good science teachers have moved
away from the predominantly competitive mode of prgs-
ent classrooms to the use of cooperative groups. for many
other teachers the use of cooperative groups, as described
here, will seem to be a departure from present practice.
Therefore, a brief “back to basics” sgtemem seems ad vis-
able. The use of heterogencous €Cooperative learning
groups benefits not ondy the handicapped students being
mainstreamed, but also the average and gifted studentsn
the regular classroom. (4) The teaching procedures are
straightforward enough so that any teachgr can learn
them. Yet the importance of cooperative learning expe-
riences goes beyond the integrauon of handicapped stu-
dents into the regular classroom and the resulting in-
treases in friendships, social skills, self-esteem, and
achievement. Cooperation 1s as basic to humans as the air
we breathe. The ability of all students to work coopera-
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tively with other people 1s the keystone to building and
maintaining stable families. careers. and friendships
Being able to perform technical skills such as reading and
math are of little use 1f a person cannot apply them in
cooperative interaction with other people in career. fam-
ily. and community ‘settings The most logical way to
emphasize the use of student’s knowledge and skills
within a cooperative framework, such as they wilimeetas
members of society. 15 Lo use copperative learning groups
1n the classroom. A \.ery good case can "be made to sup-
port the contention that nothing 1s more basic,in educa-
tion than learming to work cooperatively with other
people -

Positive Values e

.

Like many 'strategies in “sciencing.” cooperaton
among students should npt be himited 10 inquiry situa-
tions or to science classes Data on students working
together on a set of math problems. or a set of comprehtn-
sion questions for a story. or other subject areas. are just
as posiuve The use of cooperative groups with appro-
priate social skill teaching 1s a powerful instructional
technique Learning situauions where complex or critical
thinking 1s desired become a place where the positive
Interaction among students improves theip/possibihities
for success Science, with its emphasis on experimenung
and critical thinking. 1s an excellent place to startcooper-
ative learning and to teach. the social skills students need
to work effectively "with each other

SUMMARY

The gentral question for the classroom teacher who
will become nvolved in mainstreaming 15, “How will
handicapped and nonhandicapped students interact with
each other?” Plactng handicapped students in the regular
classroom 1s the beginning of an opportunity. but, ke all
opportunities, it carries the risk of making things worse as
well as the possibility of making things better. Physical

v
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proximity of handicapped and nonh icapped students
does not guarantee positive attitudes and increased accep-
tance. ingreased prejudice and rejection may be the result
The ‘crucial Tactor i1s determinmg whether a process of
atceptance or a process of rejection occurs 1n the class-
room 1s the kind of student-student interaction fostered
by the teacher While competitive and individualistc
behaviors tend to support rejection. cqoperative inter-
actions between hafidicapped and nonhandicapped
students en®ourage the positive social interactions that
bring handicapped students”into the mainstream of
classroom society It 1s crucial to note that structuring
learning cooperaysely is not something done solely for
the handicapped students. 1t 1s beneficial to all students.
The rescarch -indicates that cooperation encourages
higher achjevement and more appropriate self-esteem for
all students and more positive social interactighs through-
out the classroom Equally important s the fact that
cqoperative imstruction Is based on a set of practical
strategies that any teacher can master. It does nol require
the classroom teacher to become an “expert” in spectal
education

- .,
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; \ 5, COOPERATIVE GOAL STRUCTURES AND THE
MAINSTREAMING OF HANDICA-QED STUDENTS

by Marshall Corrick

An examinasion of the practical techniqués for the effective use of cooperative
groups in a heterogeneous mainstream science class, Marshall Corrick 1s a science

. ’ -

INTRODUCTION

14

.

Cooperative groups, when effectively used, have
been shown to be one of the most powerfultools available
to educators. An excellent case for the use of heterogene-

"ous cooperative groups has been made by David W

Johnson and Roger T. Johnson in their book Learning
Together and Alonex (1) 1 will not try to rephicate that
discussion here. However. the cooperative goal structure
should not be considered either the only or the final cure
for every educational frustration It s a tooi—one of the
most versatile and practical tools available—and. when
skillfully used by a perceptive and creative teacher, 1t can
provide the channel for the integratidn of handicapped

students into the mainstream classroom 1n a manner that ~

. - .3
is successful. sausfying, and productive
As a point of reference. 1t might be well to offer a

defimtion of handicapped. When I speak of a handicap-

ping condition, | speak of any condition or characteristic
that prevents the appropriate learning, or the manifesta-
tion of that learning, from occurring This condition may
result from the interaction of the classroom environment
with one or more of the following disabulities: (1).physical;
(2) mental; (3) perceptual; (4) emotional; (5) educational;
(6) motivational; (7) social; and (8) situational. This defi-
nition is broader tHan the legal definition used for-the
allocation of funds, but it is a practical definition with
significantimplications for the seience class. Among these
are the following: (1) Every student has both abilities and

-«

disabilities; (2) Disabilities become handicaps only when

they prevent appropriate fufictioning in a given scuigé;
(3) The optimal fearning environment is one that aows
maximum utilization of abilities while ‘minigfizing the
handicapping effect of disabilities; (4) The use of coopera-
tive goal structures is a viable strategy for the promotion
of this learning environment.

The effectivengss of cooperative groups is, Rowever,
dependent upon the common goals and group skills of the

membership. Developing “group™ goals and improving,

the skills of the individual group members in the perfor-

instructor, Lincoln High School, Bloomington, Mignesota.

mance of task and maintenance functions will enhance

. both the quality of the group product and the quahty of

the group expenence self This article will attempt to
detail an approach to the development .of effective coop-
erative groups in the junior mgh school science class

EY
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FORMING HETEROGENEOBLS.
BALANCED GROU®PS

Effective group formation 1s more than the random
alignment of bodies Thought must go into the asgign-
ment of group members so that each individual has a
reasonable potenuial for making a positive and valued
contribution to the group., so that the various skills of the

- group members supplement or enhance one another, and

33

so that'the groups are balanced such that each grotiphasa
similar potential to accomplish the class goals. In forming
these balanced groups. consideration should be given to
the development of heterogeneity in the areas of sex.
race, color, and ethnic background, functional level, per-
ceptual ability, motivation; academic background and
ability; interests; and skills

One way to begin forming balanced, heterogeneous
groups 1 with the basic skills method. In this approach,
tasks to be completed in accomplishing the group goals
are broken down into their basic skill components. The

stidents are then assigned according to their skill in a

basic component area. This assignment is mtade on the
basis of the student’s self-perception and pretest data. An
example is given below. In this example, one of the tasks
in goal accomplishment is keeping a group notebook. A
component skill is the ability to write neatly and legibly.
This component is translated into the group role of scribe.
Similar reaséning resulted in the other four roles.

Sample Base Group

The base group will consist of five members, each

having one of the following skills: 7~
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. Scribe. The scribe will be able to record the results

—

.. of the group activities in a neat and properly .

organized form.

2. Arust. The artist will be able to make a recogniz-
able artistic reproduction of the’ laboratory set-
‘ups used 1n each experiment.

3. Scholar. The scholar will be able to read short
passages apd sets of expersment directions, and

explain or summarize them for the group.

Mathematifian. The mathematician will be‘3ble

to make the basic mathematical computations

necgssary to complete and interpret experimental
results. -

5 Soaahzer The socializer will work toward the
union of all members of the group into an effec-
tive, cooperative whole

-

b

A second example for a more homogeneous high
school elective class in science 1s given below

Sample Base Group

The base group will consist of four members, each

having one of the following skills responsibilities

l.} Researcher The researcher is responsible for
researching the topic. defining the problem, and
suggesting hypotheses

2 Techmician The technician s responsible for
investigating the problem. designing experi-
ments. hsting matenals. and suggesting variables.

3 Analizer The analyzer 1s responsible for inter-
preting the data. preparing graphs and charts.
suggestm'g relationships. and expressing the con-
clusion

4 Recorder. The recorder is responsible for report-
ing fthe data and recording the experimental
procedures and the results in an understandable
and concise form .

To ensure further balance. addational techniques
suck as the following may be used

1. Subject proficiency. In this techmque, students’
grades or other criteria are used to develop hete-
rogeneity Each group is comprised of a mixture
of students of varying degrees of ability in the

- subject matter. providing for an academically bal-
anced group.

2 Leadersh:p skills. The effectiveness of a coopera-
tive group depends in part on the level of skill
among its members in performmg task and main-
.tenance functions A dbtailed discussigarof this is
given in Joining Together. (2) Attention should be
given to the dnssemmahon of leadership among

- M y;
.
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the g{oups and to the development of leadership
within the group.
+Although much emphasis has been given to the pro-
cess of group formation. the reader should not be over-
whelmed by the magnitude of the task Thxs 1s a goal
rather than a prerequisite Cooperative groups, have a
tremendous ability totadjust and compensate. And many
of the skills can be developed within the group If groups
are motivated and facilitated. they will not allow their
disabilities to become their handicaps.

DEVELOPING COMMON GOALS AND
- GROUP MOTIVATION -

LN

Students will thake no commitment toward improv-
ing their own group functions to facihiate the accompiish-
ment of group goals unless there 1s a commitment to the
group itself The group goals must become the individual
goals This 1s developing the “we™ feehing In order to
develop this"feeling. it 15 very important that the first
interdependent activity be nonthreatening and positive.

The following are some that work well. -
! GmupA Developing a group crest includes
(1) chodsthig a name (comsehsus) this, may be
limited to the content the group will be studying
{e g . 1t must include the name of a mineral). (2)
determining and drawing an appropriate group
symbol (group creativity). (3) identifying the
group members and their functiens (group iden-
tity ). (4) choosing anapproprniate symbol foreach
member (ndividuality ). agd (5) displaying the
finished product for theclass (*Wearethe....™.
Group introductron tape This strategy 1s similar
to the group crest. Each group 1s given a tape
recorder and tape. They are 1o introduce them-
telves by giving (1) the group name (“We are
the . ™); (3) the significance of their name
{group creativity): (3) the names of each group
member (individualfity ), (4) the fynction of each
group member (responsibility ), and (5)one or fwo
positive things about that person that make her
or im appropriate to that role (trust building).
3. Group presentation in this strategy. eath group
is asked to make a short presentation to the rest of
the class on a current topic of interest germane tH
the subjéét area. They are told to be as creative as

[ =]
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they wish. presenting a report. panel discussion.

skit. TV talk show. radio broadcast. pantomime,
audm or visual aids. etc. They are to beevaluated
on content {cooperative group effort). presenta-
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tion (group mg)\and participation (*We

are....”). ’

4. Low- Ievel compention. [To avoid the negative
aspects of compeution while maximizing the pos-
iive, see Johnson—and Johnson's Learning
Together and A?K
ation within the groups facilitates the competition
against other grotps and strengthens the group
identity. An appropriate first pnize for this might
be a team photo holding a big #1 (the “we”
feehng). ) .

S Comparative problem solving. In this strategy,
the groups are placed 1n a problem-solving situa-
tion with one-third operating competitively, ‘one-
third operating ndividually, and one-third
operating 1n heterogeneous cooperative groups.
The results are then examined, comparnng the

. rate 91’ problem solving, the quality of the pro-
duct,’and the quality okthe problem-solvingexpe-

rience itself This 1s repeated with new problems.

untl each group has expenenced all three goal
structures. As a follow-up, an individual test is
given over all of the problems and the student
results are compared to the type of goal structure
used 1n eack of the problem=solving situations.
Thus strategy 1s useful in establishing the value of
cooperative groups not only for the student, but
also for the hesitant teacher.

DEVELOPING GROUP SKILLS -

As stated earlier, the effectiveness of cooperative
groups 1s dependent not only on the skill with which thg
groups are formed and the establishment of common
goals among the membership, but also on the presence
and practice of group skills in and by the participants.
Johnson and Johnson give a detailed discussion of these
skills. (2) What follows is based on this dlSCussx,gn with a
few alterations,

The skills important to the function of cooperatlve
groups can l}e divided 1nto five general areas.

1. Task complenion sktlls nvolving giving directior,
initiating action, stimulating, coordimating, and
summarizing. T

2. Communicdtion skills involving giving and seek-
ing information, clarifying, facilitating, and
receiving both opinions and feelings.

3. Group mantenance skills involving encouragmg
participation, gelieving tension, sharing feelings,
building trust, resolving confhcts, and increasing
togetherness. .

4. Controversy skills involving expressing problems

v

()] In this strategy, cooper-«.

"

' in terms of ideas rather than personalities, har-
momazng, compromsing, differentiating, inte-
grafing, perspective taking, and evaluating.

5. Observanon skills involving diagnosing sources
of difficulties, observing group processes, facili-
tating feedback, and analyzing functions being
performed or needing to be performed by group
members.

Once it has been deterrmned what skills need 1m-
provement, several strategies can be used. Among these
are the following:

1. Specific skull acuvinies. Two examples of this are
the “encouraging participation exercise™ and the -
“distributed information exercise " (2)

“ Role plasing This can either be impromptu, with
the students drawing cards with the assigned
roles, or be planned, with the students choosing
one or more group functions that they con-
sciously role play over a period of time until these
functions bee6me a natural part of their group

t2

/ behavior

3 Prucess observers One of the most important
techniques for the improvement of cooperative
group skills 1s the careful use of process observers
to provide feedback to the group members con-
cernming the functions begin modeled by their
behaviors

4. Teacher intervennion Probably the most effective
approach to skill improvement, however, 1s
teacher diagnosis and intervention In this tech-
nique the teacher makes observations of groupsin
action, diagnases difficulty resuling from the
lack of a certain skill, and intervenes to teach that
skill to the group having problems :

DEALING WITH THE DISABLED
IN COOPERATIVE GROUPS
¢

One advantage of heterogeneous cooperative groui
1s that the focus can be placed on the abihties ofa student
rather than her or his disabilities. To prevent disabilities
from becoming handicaps, however, they must be diag-
nosed and dealt with. Some general approaches can be
used which help to establish a classroom atmosphere that
1s open and accepting: . .

1. Avoid stereotyping.. Terms such as jock, freak,

' dumb, brain. retard. wierdo, kluz, lazy, etc.,
should be banned from the classroom. Each stu-

dent must b& accepted dsa person,a umique indi-
vidual of significance and worth. Atanage when

’
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students are strugghng to define who they are. blind. The cooperative group can do much to overcome
where they belong. and what they are worth, 1t s the barriers, psychological as well as physical, that stll
extremely important that the classroom become o exist. Often students who are physically disabled may be
place where cach ts an individual, everyone talented or evén gifted in other areas Given opportunity
. belongs. and all'have a.worthwhile contribution and encouragement, students have been shown to relate
to make ) very well to the physically disabled child !
2 When a group is having a problem functioning. The barriers encountered by students with mental,
separate problems from personaliies  Never educational, or perceptual disabilities are very similar,*
“accept *he™ or “she™ as the source of. or the solu- usually _includmg reading difficulty, a poor self-concept,
o uon to. a problem Emphasize the group The and an inability to compete in areas requiring written
assigned task 15 a group prublem that must be interpretation and expression It is important that both
solved by the group Stress the functions that ~  the students and the teacherrecognize that this is not the
need to be peformed by the groupin order to solve only mode of learning and expression Some students™
the problem . who read and write poorly are very articulate in oral
3 balue the process as wellas the products Reward communication. Some who cannot conceptualize a solu-
couperative behavior Encourage participation tion can visualize creative and innovative approaches to
Evaluate maintenance functions 1t is not onh the solution Cooperative groups can offer students the
what the group dbes that is important but also . opportunity for this flexibility and creativity
what 1t 1 = Two groups that are often the most difficult for
4 dsugn achievable responsibilines® each group” teachers to deal with are those students with hafidicap-
member Rotate some of these r«:;ﬁonsxblhnes(o ping conditions resuling frorfi emotional and motiva-
change the roles of individuals inthe group Sug- tional disabilities These are the “turned off" students, the
gested roles include nonparticipants. the behavior problems It 1s for these
. a Curatar The curator will take charge of all groups that cooperative goal structuring has shown'some
group materials to see that they are properly of its greatest potential The heterogeneous cooperative
cared for and available®when needed group has been found to be both sumulating and *
b Custodian The custodian will be in charge of stabilizing—stimulating to the unmotivated and stabiliz-
the checkout and return of all laboratory sup- ing toi:he hyperactive and disturbed
plies and will be accountable for theigsafe and “
proper use v .

¢ Organmizer The organver will determine the . .
group tasks. make indinvidualassignments. and CONCLUSXON ol

. set goals for cach actnvity period : !
. d Voderator+the moderator will be responsible \tﬂ

for setthng dishutes. maintaining the task ¢ use of heterogeneous cooperative groups 1s one
orientation, and ¢
hetween the group and the nstructdr
Reporter The reporter will make obdervations
of the group at work and report to th

tor on both the group process and the product
. ’ within ‘whig 9 xcellent techmques for dealing

(o]

Achieving an education has been compared to nego-
uating an obstacle course There are many barners of
which only part are natural In dealing with specific dis-

abilities. the concerns are these What are the barriers? ES
Which of these can be negouafcd" Which can be.circum-
vented” Which can and should be removed”

The barriers to the physically disabled are the most . ., 1 Johnvon. David W . and Johnson, Roger T Learning
obvious, and an attempt has been made over the past Together and Alone Englcwofod cfs. NJ  Prenuce-Hall,
several years to make schools barrier free There is much Inc. 1975
to be done, however, if the classtoom is to be barrier free- 2 Johnson, David W, and Johnson. Frank P Joimng

for such disabled students as the heaning impaired and *  Tugether Foglewood Chffs N J Preatie-Hall, Ine 1975
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4 6. CREATIVITY FOR THE MENTALLY
' . HANDICAPPED

by Donald R. Daugs .

Fd

The author describes the teaching of creativity tq the mentally handicapped student .

in a mainstream cooperative setting. Donald R. Daugs is an Associate Professorin

the Department ‘of Elememary Education, Utah State University, Logan

Contrary to what m’a‘x} say. crealivity canbe taught.

Contrary to what man} say, all children are potentially
creative. The elementary scienée setting offers some chal-
lenging opportunities for the teacher to facilitate the crea-
tive development of the educable mentally handicapped
(EMH) child. }v

The creatrve process involves four distinct phases
The first consists of a challenge tethe imagination, the
second 15 primarily a mental, incubatian-brainstorm-
consider alternatives phase, the third 1s a do-it, tr)-xt-oht
phase, and the final phase is an evaluation of the process
and, or the product. The child with well-developed crea-
tive talent may be able to go through the above process
under the stimulation of environmental circumstance
only. Other children need the external stimulus of the
teacher.

The creation of the “first” chocoldte cake illustrates
the steps involved. The setting is a fourth grade class-
room. The par/t,icipants are variously endowed with tal-
ents. Some students are mentally handicapped. The
atmosphere is one of mutual admiration and a feeling that
“No one of us is as smart"as all of us.”

* The science unit is “Chocolate.” Activities include
observation, description, and investigation of the proper-

9
teacher sets the stage by asking, “How could we use
chocolate in food?™ The discyssion 15 guided to include
cake baking.

Phase two of the creatmty process now movestothe
mental process stage. This 1s the brainstorming-thinking-
planning stage Again. it 1s very evident that “No one fof
us is as smart as all ‘of us.”

Groups of four to six children should each devise a
plan for a chocolate .cake. This should be a relatively

,uime-free, nonevaluative experience. It may be approp-

riate to allow a day or more of “research ime” for child- -
ren to consult parents or books on cake baking. However,
tireyShould not copy a recipe. Their cake 1s to be a first of

" a kind.

ties of chocolate. This is a multisensory experience for all ~

students. Noone seems to be handicapped if the activities
are relatively time-free. (1) There seems to be little rela-
tionship between the level of activity and traditional mea-
sures of intelligence. (2) .
Experiments can vary from those assimple as tagting
to those as complex as controlled experiments with rats
on various chocolate diets. These various investigations

may lead to the need for more information about choco- -

late. Books and related literature may be required. Class
. discossions should involve all students. Inferences about
the desirability of chocolate made by the EMH child will
be indistinguishable from those made by the normal
child. &

The situation has now pragressed to phase one of the
creative process -challenge to the imagination. Most
children will have pogsitive feelings about eating choco-
late. Few of these children will have ever madea cake. The

{
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Upon completion of the plan, obtain the needed
ingredients and do 1it. Ideally the children will do the
mixing and baking.

The evaluation phase of the creative process in this
case involves every child’s sampling of each group’s cake.

The Creative Process

Phase Process Source .
I Challenge to Matenals and
imagination. or teacher
2, Mental incubation~ Student
, .
brainstorm-consider teams
alternatives
z .
3. Dot carry out Student
the planned teams
expenment ‘
4 Evaluauion of the Student teams
. expenence and fencher

Most clementary science. curriculums include many
situations that can be used to facilitate the creative pro-
cess. Of the textbook seriey, STEM (Addison-Wesley
Publishing €0.), Cohcgpts in Science (Hartourt, Brace,
Jovanovich, Inc.), MAPS (Houghton-Mfflin Co.), and

‘the ESLI (Rand McNally & Co.) all encourage activity-

onented classroom environments. These ESS, SCIS, and
SAPA II programs may be more easily adapted for a

@
L4
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student with a reading problem. Often lacking in the
abovexurriculums are instrucional strategies that faclitate
phase two of the creative process, the mentalincubation-
branstorming-consider alternatives phase. Also. most
teachers are ‘not accustomed to allowing students free
time; thus, activities are fast paced and very prescribed. It
_must be keptin mind that a majorrole of the teacher in the
creative situation 1s to manage time and make decisions
about the use of incubatory techniques. It may be appro-
priate to allow phase two to extend over several periods or
even weeks The teacher will find little help in planning for
phase two experiences in existing textbooks

The Elementary School Sciences program (J.B. Llp-
pincott Co.) has a format that is exemplary in that
reminders to the teacher such as “a good place to stop”
and “much work time™ are included in the strategy These
cues seem to help program the creative process. This
curriculum also includes many optional activities, whith
are a great source of ideas to extend a basic science
curriculum into various creative experiences.

Lic s [ 3
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"One of the advantages of this creative atmosphere is
that the EMH child need not be treated differently The
child is part of a problem-solving team. Because children
with mental handicaps do not have the same ability to
adjust or to learn effectively in the usual classroom set-
ting, the creativity model presents opportunities for the
teacher to meet their special needs and abilities The
process is also very dependent on the coopegative attitude
of all children involved f
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7. AN AUDIO- TACTILE APPROACH TO SCIENCE

EDUCATION FOR VISUALLY
IMPAIRED STUDENTS- -

N

by Randall Harris

Suggestions for an audio-tactile approach, especially useful in instructing the
visually impaired, but also applicable to teaching sighted individuals with weak
visual learning modalities. Randall Harris is an Assistant Professor, University of

Mississippi. ’

In conventional science education programs for not-
mally sighted students, audiovisual aids have become
commonplace. Over the years, classroom teachers have
been encouraged to supplement their traditional demon-
stration-lecture approach with a wide variety of audiovis-
val aids. Governmental funding under the various Title
programs, increased advertising by publishers of educa-
tional and scientific equipment, and teacher appeal have
all contribufed to a visually oriented approach to science
education. Although n.'uf of what is taught in science
classes involves three«d‘fmensional objects and concepts,
the presentation of the materials is often two-dimensional
or visual, utilizing such aids as films, slides, textbooks,
drawings, and diagrams.

B

THE AUDIO-TACTILE APPROACH

+

What is needed by visually impaired students is an
audio-tactile approach to science education—one that
utilizes, whenever possible, three-dimensional exemplars
or models and verbal introductions and instructions.
While the audio-tactile concept may, at first, seem like an
expensive, time-consuming, backward step in science
education, even the briefest review of pedagogic strategies
will reveal that all students, handicapped and nonhand;-
capped, can benefit from an audio-tactile type of pro-
gram. Even though visual aids are helpful and are often
less expensive than a complicated laboratory demonstra-
tion, it must be remembered that not all students are able
to learn from a vigual presentation. It will also become
evident that the purchase, construction, or dcvelopmcnt
of a three -dnmensnonally oriented science education pro-
_gram is well within the abilities and budgets of most
" classroom teachers.

Victor Lowenfeld, a researcher concerned with the
education of blind students, used the terms visual and

* - [y
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haptic to identify types of persons who, whether they are
blind or sighted, perceive their environment either “ana-
lytically” or “synthetically.™ According to Lowenfeld, the
visual type 15 one who responds to the externior aspects of

. objects and tends to perceive his, her environment as-a

whole. The hapuc type, on the other hand, may never
realize the whole and has a tendency to sort out parts and
details from the environment. (4)

Through simple extrapolation, the point can be
made that some youngsters learn best by physically ex-
amining an object while others learn best if they can form
a mental or visual image of an object. Whether or not
there i1s agreement with Lowenfeld's terminology, the

point is that a three-dimensional tactile approach to .

science education can be beneficial to sighted students,
who need to physically explore objects before they can
fully comprehend them, as well as to blind students. The
extensive use of visual aids, on the other hand, may not be
bencﬁclal to some sighted students, and it cannot be
beneﬁcng.l to blind students .

3
AUDIO ASPECTS

There are several reasons why't'he essential aspects of
each scienct lesson should be presented verbally and
recorded on audiotape. The primary reason is that both
sighted and visually impaired students are able to learn
from this type of a presentation. If students are required
1 gather information from teftbooks, blind students will
need expensive and bulky braille versions of the text.
Both sighted and nonsighted students will be able to refer
back to the tapes of those lessons they missed or did not
understand fully. The classroom teacher can use tapes asa
basis for examinations or make-up tests. Récorded les-

sons can also be used basis for the jndividualization
. that many teachers a%ﬁ using in their science pro-

\
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. grams. Lessoms presen;d in thts hicn enable s"tudents 1o
proceed at their own pace. Student involvement in mak-
ing the recorded lessons can add a touch of excitement to

~ a routihe presentation. .

It is not ngcessary to pprchase a commerclally pro-
duced science program, nor is i¥ necessary to discard the
oxd program. Itis siiggested, rather, because recordmg the
essential aspects of lessons on audio-cassette tapes Is an
excellent and inexpensive ‘way to begin to develop an
audto-tacttle program, that a tape, recorder be brought

~" ., into the classre6m and used. Within one year, a skeletal

program will begin to develop.. New tapes can then be
added as they are needed.

Evenitually it will be necessary to acquire a number of
tape recorders and head phones. It may also be‘bracttcal
to purchase multiple listening units which permit many
students to listen simultaneously. )

-

. TACTILE ASPECTS, .,

A

) Giving a science program a tactile orientation rather
than a visual orientation is neither dlfﬁcult norexpensive.
" Many ‘acceptable exemplars are currently available, but
might require some simple alterations. Trips to the hard-
ware® store, the school storage room, the basement, or
even the alley can produce many objects that can be used
to gexglop scientific models for vxsually impaired children

to explore. - -~
Whénever possible, bhnd students spould be offered
» actual objects, such as btologxcalspeclmens forexamina-
. 7 tien. If specimens are not available or practical. then
~ three-flimensional models can be used: The more realistic
the material, the better the c’omprehenswn will be. Size is
also dn importdnt consideration for model comprehen-
. sion. Iif a model is being used, it should preferably be the
R same, size as the object being presented. In many cases,
weyer, a model will be used because ‘the actyal Ob]CCt 15
either too large ar too small, such as the garth'or an
amoeba. Whenever scale models arespecessary, a tho-

. rough explanation congerning M size'change must be
given.
. A tactile program consists of more than just present-

ing touchable ;models to students. It is important to
involve both sighted and nonsighted students jn activities
that force them to-becoeme physically involved and to
actively interact with the material being presented The
fdllow:ng are a few examples of science projects that
demand more than jugt passive partiipation:

$ o,

. Modeling various birds and their habitats using

.+ clay; . d
. B ¢
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o Jllusi¥ating the carbon tycle of a forest using papier-

maché; =
o Constructing leaf-pressing books from pld news-
papers; -

e Designing-various constellations using paper stars;

o Illustrating the terrestrial food chain usshg found
natural objects; / L -

oaDestgnmg cloud formations* us;ng balls of cotton;”

, € Building bridge structures using plastic straws;

o Constructing papier-maché volcanos and relief
maps; . |

e Constructing a geodesic dome;

o Building a replica of a coral reef;

o [llustrating electromagnetic waves using ix’on ﬁl-
ings and magnets

o Constructmg replicas of prehistoric tools.

AN

. The, list oft possible three-du‘nensional activities is
endless. Getting the young learners actively involved in
desxgmng and building science projgcts is the key to suc-
céssful programmmg for those mdwi%ﬁswb
Slghl . g

]

ING VISUAL CONCEPTS #

EXPL

Not all aspects\of,\the sciénce program can be

"eXplained using the tactile approach There area nuntber

of visual concepts suc light, color, reﬂecttons, etc -
that cannot be easily demonstrated to children’ born
blind. Sqge visual p}tenomena such as shadows can be
‘demonstrated using props found in the classroom, but

‘other visual phenomena such as light or color must be
“
explasned in a unique way. Shadows, as an example, can

be demonstrated by directing a heat lamp on an object sO
that a.shadow is created. The nonsighted students can
locate the heat sourcgeel the warm side of the object,
and trace the coolerésladowed area. Light, on the other
hand, is more difficult to explain. Some very ydung child-
ren may be satisfied with the answer that there i¥ light
during the day and there is no lightat night. Older child-
ren may ne.ed know somemﬁ: about how llght energy
is given o Nn Still more inquisitive youngsters
will need to be predented with theories about how light
energy travels'in waves, and to be given an explanation
about the effect of energy waves on the retina of theeye. A
series of experiments with various types f waves may be
helpful in ghe understanamg of light.

Itis ir&ortant for sighted teachers to realize that not
all visual phenomena needto beexplaintd in visual terms:
For example, to a sxghted person a sunset. may be a

panorafma ofbn[han,t golors set against a pale horizon. To

/
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a blind person the sunset may announce the ending of a
warm day. A blind person may notice the incteased mois-
ture on the grass from the dew or percewve different
sounds from the birds 1n the trees. The sunset may mean
an increased activity of mosquitoes or eooler breezes..
Intellectual matunity and curiosity will determine the
type of explanation necessary for a young blind child to
comprehend visual phenomena. *
. . '
’ THE VISUALLY | .-
IMPAIRED POPULATION

~

«

One of the first steps necessary 1n the preparation of
any educational pregram for blind and partally sighted
students 1s the recogmtion that visuaily impaired individ-
uals cannot all be lumped 1nto one homogggeots group
A wide range of visual anomalies exists among those
classified as blind, as well as among those classified as
partially sighted.

The term blindness, often misused and misunder-

stood, denotes a spectrum of vision or the lack of “it,
, ranging from total unresponsiveness to light to visual
acuity that can be measured on an optometrist’s “E”
chart. Within the extremes of the term blindness are the
.abilities to distinguish higlttness and darkness, to perceive
movement just 1n front of the eyes, to distinguish form
and color, and to travel freely without the use ¢f a mobnhty
aid.

The term partially sighted also includes a vanety of
visual impairments. Some children categornized as par-
tially sighted are also part of the subcategory lon-vision.
Most low-vision children can read or can see objects when
they are a few inches or a few feet away, Some low-vision
students are able to use their vision for most school
activities, while others need to use tactile or braille aids.
Many visual anomalies will be apparent in the school
setung. The types and seventy of the impairments will

determine the extent to which special aids will be required

to augment regular science equipment.

~ENVIRONMENTAL AND
EQUIPMENT NEEDS

Depending upon the types of visual impairments
volved, special environmental and equipment arrange-
ts will need to be made. A bhind student will need a
table or desk that 1s layge enough'to hold a braille writer

and whatever threerdimensional objects are to be exam-

ined - The desk or table should be 1ocated imanareathatis

v

easily accessible to three-dimensional exeqplars It should

"also be in an area that provides easy access in and out of

the classroom. Some partially sighted students may need
their desks facing away from the windows or intense’

"+ glare. Generally, the visually impaired student will be able

to adapt to the physical environment of most science
rooms. .

Special equipment will be needed by some young-
sters. Partially sighted students might benefit from hand-
held '0{ stand-mounted magnifiers. They might also be
able to use overh&d or slide projectors for some work. A
microfiche or microfilm reader can provide assistance 1n
some instances. Many types of optical aids are available

* without tremendous effort or expense. ™

A labelmaker, available with both braille and printed
alphabets, is a piece of equipment that is inexpensive but
essential to the classroom. Cassette tapes and special
equspment or cabinets must have braille labels if the blind
students aré to be able to function freely in the classroom

ALTERED TEACHING TECHNIQUES

'! »
—

If the audio-tactile approach to science education is
to succeed, visually onented teaching techniques must be
de-emphasized. For example, many classroom teachers
use the chalkpoard to present quick explanations or to
diagram problems. Visually impaired students need ver-
bal explanatians or responses

Color coding is another example of a visual teachmg
technique. Teachers often correct papers in red or golored

“ink. Colorblind learners cannot see corrections or expla-

nations that'are in certain colors, and blind students
obviously cannot benefit from color coding or written
explanations. ™ )

Nonverbal actions or responses Wy
oriented Jechmiques used extensively in the classroom
The Blind student cannot respond to body language or
nonverbal communication. A reassuring touch on the
shoulder or an inﬂeq‘ion in the voice isju\st as necessary to
the nonsighted student as nonverbal communication is to
the sighted student.  *

References to physical locaiions age also oriented
toward the use of sight. For example, a teacher mlghl ask
a student to find a particular object “in the back of the
room” or “on the bottom shelf” or possibly “in the storage
cabinet.” For the blind student, a storage cabinet canbea’

' large place that could take a gregj,deal of ime to explore

41

to find the desired object. As a result, directions need to be
given in very specific terms
Another example of inappropriate use of references

T
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is the teacher who asks students to refer to the example at
the top of the page. Braille &ditions of textbooks or work-
books are larger than printed versions and might not have
the example at the top of the page. Care mut be taken to

communicate to visually impaired students in a way that

permits them to comprehend and respond. -

Nonsighted children are not handicapped because of
their visual impairments, but rather they are handicapped
because of the lack of opportunities available to them.
Although an audio-tactile approach to science education
will take time'and effort to accomplish, it will be benefi-
cial to all students, sighted as well as visually impaired,
“and 1t mght provide opportunities to visually impaired
children that wRre never before available.

.
.
5 . g -
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- 8, CHEMISTRY EXPERIMENTS FOR THE
DEAF SECONDARY STUDENT: A VISUAL

: APPROACH ,
‘ . ‘by Robert S. Menchel . , .
. A discussion of a.chemistry program developed for the deaf wjth emphasis on visual .

learming. In addition to overcoming the‘handicapping condition resulting from loss
of hearing, the program deds wuh the experimental handicaps resulting from

. > previous lack,of exposuire te sciente. " Robert S. Menchelis an Employment Analyst,

National Technical Institute for the Deaf, Rochester, New York. .

How do you teach a group of deaf secondary stu-
dents chcmxstry when they have no background in the
_subject? When their vocabulary and g:admg levels are
about fifth or sixth grade? This was the problem we faced
when we decided to introduce laboratory chemistry to the
deaf highschool studenfs in a residenaal school, We knew
that hands-on experiments were very important ta sup-
plement their classroam reading. However, the chemustry
workBboks avanlable werggflot suitable because of the

problems we faced with these deaf children. They had—

1. No chemistry background fram el%ntary
school through the first or second year d¥,5¢¢dn-
dary school.

2. No understanding of the chemxstry termunology
used in available, workbooks.

3. A lack of uqdcrstandmgxof héw to record and
analyze datagy - éh

4, \A lower reading level than'that used in available
high school chcmmtry workbooks.

5. A very hmited ume period for labotatory work

, dueto conflicing schedyles during the school year.
e S
In gddmon: . .
. ) 5 . .
1. The science teachers did not have a strong back-
.~ ground in chemistry.
2. The limited amount of chemicals available'in the
_laboratory required that .we bring in some
supplies for each class.
RN ) — ) - .
At this point I would like to éxplain how all this came

.

" about. I the fall of 1970 a program wasstarted by several .

engmcers .and scientists at Kodak and Xerox to bring
sciefice to inner city schovls on a voluntary basis. The
program grew from one in which a few -people, paid the
cost out of their own, pockc'tkto a company-supportcd
project. In 1971 Xerox Corporaguon took over the réspon-

s:bnhty for the program and fully funded it, paymg for ™

s . ’ ‘43

4

supplies and. travel expensés. In the fall of 1971 1
requested and was granted permission to bring the pro-
gram to the deaf children in Rochester, New York Thus,
in 1971 for the first time the deaf children in that city were
exposed to a deaf scientist! Over the years we built up a
good program coverjng bgsic science We were willing to
try anything. All our dquipmeént was homemade; we used
the tin can-rubber band appfoach. There were several
reasons why we did this Tather than use commercial
cqulpment The first was that in order for the program to

-rcn"xam in a school once it had been started, the cost of

equlpmem replacement must be low. Second, and more
important, we wanted the children to perform the experi-
ments themselves, run home, and show Mom and Dad. If
the experiments required expensive equipment not found
around the average classroom or home, their interest
would shortly die out.

Therefore, when we were asked in the spring of 1979
if we could make up a chemistry laboratory course for
deaf secondary school students, we had already had a lot
of experience working with them. We decided that a
workbook was needed and that it should bg one that the

" deaf student could use and understand. We decided to

write our own workbook, taking intoaccount the limita-
tiorts d#scribed before. The book was based on the follow-

ing considerations:

K
14 It should be interesting.

2. Itshould be easy to read and geared to the rcadmg
level of the average deaf student.

3.°It should include lots of pictures since a deaf
person’s eyes are the mostimportant lcarmng tool

he/she has. *
. It should cover the most 1mponant aspects of
chcmlstry

5. Experiments should be short and to the pomt

After searching through a great many chemistry
books, we decided on twelve experiments These twelve
experiments were to covér the school year onsa bimonthly

i
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termed "fu_n experiments with chemistry.”
In writing the workbook, we tried to use as many
«pictures as possible. We also tried through the use of
pictures to describe what was happening duringa process
or to show how to perform an operation.
During the course of wntlng this workbook we

found that students could not be given larggamounts of

information at one time. Prpocdures had to be writtenina

jtep—by-step manner, as shown in the sample below.
Each experiment was laid out following this format:

1. Equipynent needed. All laboratory equipment,
such as beakers, and thenrsnzes amounts, etc., are
. listed. . ..

2. Chenmicals needed. All chemtcals alOngwnhthexr
chemical symbols, are listed.

3. Safety rules. Any warnings about dangers in this
experiment are listed. We always included a
statement to review safet$’ rules.

4. Jntroduction. A bnef introduction to what the

experiment is all about is given.
5. Procedure. A step-by-step description of how to
perform the experiment follews.

We often added information to the experiment to
help the student undersfand what was happening. We also
added defininons of words where we felt it was necessary,
as seen in this example:

"...most materials expand (grow bigger) when heated,
i and contract (grow smaller) when cooled.

The purpose of this workbook is not tg give a com-
plete course in chemistry, but rather to intreduce deaf
students to-the chemistry labagatory, andto allow them to
observe, record, and learn how to” use the scientific
method. The workbook-also supplements what they read
in class by allowing them to observe the chemical proce-
_dure. We have found that with this kind of introduction,
* " many students>have become interested in following a
scientific career. In other WOrds we make chemistry fun

and interesting.
%

SAMPLE EX‘#ERIMENT SOLUBILITY

Equipment Needed

3

3 beakers (each large enough -
to hold 100 ml of water)

Chemicals Needed — . : .

T T,
potassium nitrite

thgrmométer i
balance

14

potassium chlorate o

[

sodium chloride ¢

a Fl

Safety

Review Experiment #6 on temperature.

E3

Introduction ’

If a lump of sugar is dropped into a bearﬁ:r contain-
ing water, the lump slowly djsappears. The sugar is said to
dissolve in the water. We could look at a drop of this
liquid-very carefully with a microscope, but we would not
see the dissolved sugar. We can add more sugar and it,
too, will dissolve. But if we continue to add sugar, we
finally reach a point where no more sugar will dissolve in
the liquid. We then say that the solution is saturated.

By tasting the liquid, we can tell that thereis sugarin
it. The molecules of sugar have become mixed with the
molecules of water so that the liquid tastes-sweet. Also—
and this is an important fact to notice—the same degree
(am‘f)unt) of sweetness will be tasted in all parts of the
hquid. A mixture Tike this is called a solution.

1 Definitions:
% A solution 1s a homogeneous mixture of two of
. more substances, the composition of which may be
+varied (changed), but only to a certain point.
' homogeneous — the same throughout.
composition- the amount of each substance
. used to make the .new substance— here, the
amounts of sugar and of water used to make
the solution.
The “dissolving medium
water —1s called the solvent
The substance dissolved—in our example,
sugar- 1s called the solute \

in our “example, ’

Notall substances form true solutionsin water. If we
mix clay with water, very little clay actually dissolves. The
Lbarticles of clay are huge compared to molecules; we

would see them witha microscope. A, very turbid (cloudy) *

and heterogeneous (Yook this word up in a d;cuonary)
mixture called a suspension results.

Matter may exist in three states: solid, llquld,.zind
gas. Therefore, we may expect to have nine different types
qf solutions. These are shown in the table below.

TYPES OF SOLUTIONS '

. Solute Solyent Example
I. gas gas ar
2. gas | Jliquid soda water
3. gas solid hydrogen in palladium,
4. liquid gas getcr vapor in air
5. liquid liquid lcohol in water
6. liquid solid’ _mercury in copper




+»

g “ -
Solute Solvent Example ) . .
7. solid gas sulfur vapor in'air * Defiitions:
8. sold liquid sugar in water ) i . .
9. so0 solid copper in nickel Soldtion equilibrium is the physical state in

All mixtures of gases ate solutions because they con-
sist of homogeneous mixtures of molecules. Solutions of
a solidsin a liquid are by far the most common.

We may think of the solution process as being revers-
ible. Consider.again the sugar lump in-water (Fig. 29). "As
the sugar dissolves, sugar molecules break away from the
crystals of sugar in the lump and enter the water. In water,
they bounce aroufid at random. Some of the dissolved
sugar molecyles may touch the undissolved sugar and
again become part of the sugar crystal structure,

‘ .

which the processes of dissolving and crystallizing
of a solute occur at equal rates. -
A saturated solution is one in which the dis-

I solved and undissolved solutes are in equilibrium.

Prqcedure

1. Take a piece of filter paper. Place it on the dial
balance and dial the knob to 50 grams. Add small
amounts of porassium ghlorate until the balance
needle swings up toward the zero mark.

2. You now have approximately 50 g of potassium
chlorate on the filter paper. Determine the precise
weight by turning the dial until the needle onthe
balance 1s exactly level Record the weight on

.

+ _,/, K your worksheet (Part C).
T R “:; - 3 Add 100 ml of water to a beaker. Record the
Pt o volume on your worksheet (Part A).
s GAk '\_/ 4 Measure and record the temperature of the water
v on your worksheet (Part B). Note: Make sure that
Figure 29 — _ the temperature of the water is the same(to within

Thus. the sdlution process consists of the act of

. dissolving.and the act of crystallizing. .

When we first put the sugar into the water. molecules
leave the crystal structure and diffuse (mpve) throughout
the water. As the solution concentration {or number of
sugar molecules ‘per umt,Yolume of solution) becomes
greater, the reversal process ‘begins. The rate at which
sugar crystals rebuild increases as the concentration,of the
sugar solution increases. Eventually.f undissolved sugar
remains ftthe beaker, sugar crystals rebuild as fast as they
dissolve. Then. we say that the solution 1s saturated and
that an equihbrium exists between t}ie.undissolved sugar

3°C) for each solubility test. .

5 Now add small amounts of potassium chlorate to
the beaker. Stir each ime you add some chemical.
Continue to add chemical unul no more will
dissolve.

6 Now, weigh the filver paper and the remainder of
the chemical. Record this weight on your work-
sheet (Part D). The amount of chemmcaldissolved
in the beaker of water 1s the difference in weight
between the amount of chemical at the start of the
experiment and the amount left on the filter paper
after step 5 is completed.

7. Repeat the procedure two mmre times, but use
sodium chloride and potassium nitrate as the

Part £ concentration = |

-

Az72g liml= 072 mi

-

and the dissolved sugar in the water, chemicals.
WORKSHEET 2D
, Beaker | . Beaker 2 Beaker 3
N Sample Potassium Sodwum Potasaum
' Calculation Chlorate Chloride Nitrate
A Vobime of water in beaker * i) ’”“'z
‘ B Temperature of water e 25°C ‘
*C Wught of tlter paper and chemical .I* start 53-Y5 .
[ Waght of filter paper and chenucal at end “ )
of sleps 1/6‘?' >l _
F Total grams of chemial dissolved 1n water »
C-p 7.2 - _
b Concentrationan g wi | A '0713/4"1[ — _ -
Sampile Calewlanen
Part £ total grams dissolved = C - D=534g-462g=72 g _/ -

ERIC . R o |
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9. THE MAN

THE CHILD, AND”THE FLOWER - .
(LABORATORY SCIENCE

FOR THE HANDICAPPED STUDENT:
TEACHING MAINSTREAM STRATEGIES)

by Doris E. Hadary

v

~ 7

Hllustrates how the multisensory approach can be combined with creativity and art
_to produce what might be called the total cxperience approach for both the
handicapped and the regular student. Doris E. Hadary is Professor of Chemistry,
The American University, Washington, D.C.

On the outskirts of a village near Jinja 1n Uganda,
Afnca, there was a small black child, an old, wninkled,
dehicate man with a wise air about him, and a lone weed
with a purple flower. They were surrounded by a vast
emptiness except for a few clusters of thatched hutsin the
distance.

The child was marmed, his little leg twisted, the little,
wninkled, wise-looking old man was blind. Slowly the
young child whose steps were still uncertain guided the
man aiong the dry, empty field, loving the presence of the
sun, the sky, and the breeze which cooled their skin.

Suddenly the child let go of the hand he was guiding,
ran to the flower, and sat down with great exaitement and
cunosity to observe—he looked, he felt, he touched, he
put his face to 1t and called to his companion to “Come
see.” The friend found his way to the child and the flowe:.
The child, his whole being engulfed in excitement, cried,

"It has a dark beautiful color—purple, on the inside 1t 1s

yellow with some hitle threads, the other parts are

green—and, grandpa, you wouldn't believe it, it 1s comuing,

from the earth. What 1s n? How did 1t get there?”

My presence was felt. The man turned toward me
and, with his gentle philosophical smule, said, “You see,
the beauty of ch:ldhood lies 1n the cunosity of the child
and excitement in the discovery of the wonderg of the
world. It 1s there 1n the womb ready to unfold in birth.”

It1s within the context of seeing the inborn qualities
and potential of the child and’of knowing the content and
nature of saience that we find our strategies for teaching
science—a teaching strategy that addresses itself to the
sensory defiaiencies of the blind, deaf, emotionally dis-
turbed, and otherwise handxcapped children based on a
knowledge of content and a realization of the excitement
therein. )

TO BELIEVE

The progguusite to an effective scrence tcachmg stra-
tegy that enhances the education of all children is “to

3

believe™ —to believe that science is a powerful and neces-
sary tool in fulfilling each child's potential —in giving the
child a mechanism by which to cope with the forcesin the

. world she or he lives in, to believe that science is a means

of achieving the goals of intellectual, conceptual, and
cognitive devclopmcnt to believe in the ability of scierice
to bring about acceptance of human beings as human
beings and to use science and art as a means of introduc-
ing a true set of values that brings out the innermost needs
of an individual —in the ¢gacher as wéll as the children, to
believe that science shows the way to an educational_
process in which development of the total being is
achieved by strcssmg the abilities to question, to discover,
to seek answers, to find formand ordér, to rethink; and to
restructure and find new relationships through cxpericn-‘
ces in’science anfi art in order thaf the child’s creative
abilities cangunfold.

Handnc&pped children many times experience school

as frustrating and painful, and cl&smom teachers ﬁk’
ia

them difficult to teach and manage. While many remedi

approaches have been reported to help these pupils, the
use of science as a motivator for learning has been neg-
lected. This is a distressing fact. Science not only has a

natural appeal to children, byt also it fuffills the need of ,

the child for a rational, logical explanation and control
over a confusing world. The knowledge of, and experi-
mental approach to, science helps these pupils replace
their magical thinking and omnipotent fantasies with

general truth and laws. Science deals with redlity — not”

fantasy. It facilitates cause-and-effect observations of
behavior, separation of facts from feclirtgs, and the teach-
ing of a problem-solving approach to conflict It provides
thechild with positive feedback such as, “Icanlearn!” or,
“I'm not dumb or stupid!” or, “Learning is interesting!”
or, as one pupil said, “I didn’t even know I liked science,
but now look at me, I'm a scientist!” It appears that
science and psychotherapy have many similar gdals. Peo-

ple in some cultures would attribute a tidal wave to their

god’s personal retribution for something they did to
offend her or him. Emotionally troubled children sim-
ilarly live in a world of magic, guilt, and confusion, To

Yo .
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master this strcssful world, these pupils need to under-
. stand that life events do not happen because they are bad
or powerful, but rather that these events are related to
causc-and-effect reality principles and that they can be
controlled Laboratory science, by giving pupils auto-
nomy in conducting their own explorations and investiga-
tions, can perhaps be used to help these pupils gain
self-confidence and self-esteem, and to learn to live more
comfortably with themselves and their world.

i}

’ HOW?

L1

Multisensory Approach

. The teachers of the new era®f teaching handicapped
children in a mainstream setting must haye a new and full
sensitivity for teaching. They address all senses of the
child simultaneously Through their teaching strategies
they relate to the child who cannot see by means of feel
and sound, to the child who cannot hear by means of
visual and tactile simuli. Their approaches must provide
a pattern of objectives jor thc emotionally disturbed
child.

The new image of the teacher demanded by main-
streaming provides an exciting challenge to the teacher: to
never lose, for one moment, the awareness of the
handicapped—or “npormal”—children in the classy to
reach out to all of them, according to each child’s limita-
tions and abilities; to compensate through teaching
strategies for the deficiencies of the handicapped child. It
is essential for the teacher to address the abilities rather
than the disabilities of handicapped children. Studies
have shown thht teacher attitudes and expectations are
reflected in the child’s academic pcrformancc and level of
achievement. (2)

The nature of the malnstrca'mmg science and art
approach helps the teacher to fulfill this new mainstream-
ing role and to function sensitively and effectively with al}
children. An important key to successful implementation
of teaching strategies is to recognize and develop a nqp-
fragmented, composite, multifaceted strategy engulfing
multisensory, multilevel, and multimaterial approaches.
This total approach as a unified whole reaches and pro-
vides a rich learning experience for all the children at the
satne time, o #

Much of what is written about the education of
handicapped children reflects the philosophical position
of academics and is usually couched in sweeping generali-
zations. These generalizations are often of little value to
the classroom teachers who are faced with the demand to
promote the development of children on a day-to-day
. basis of involvement. It is” with this in mind that the
i S

1
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following example 1s presented as an answer to how to

meet this demand. ,

The following lesson, A Lesson in Optics 1s an exam-
ple of a lesson that has been adapted for use in a main-
stream setting which may include blind, deaf, emotionally

- disturbed, and otherwise handicapped students.

A LESSON IN OPTICS

Explormg a Beam of Light
Adaptations by Roben Haushalter

<

y

Materials for Each Child -

Matenals marked with an asterisk (*) are contained
in Elementary Science Study (E.S.S.) Optics (McGraw-
Hully Matenals designated by A.P.H are available from
the American Pnntmg House for the Blind, Louisville,
Kentucky

*E.S.S. hight source box

100-watt bulb ’

extension cord ’

16" x 20" double-weight mounting board (available

at locgl art stores)

4 sheets of 14”7 x 17" newsprint (available at local art

stores)

1.2” masking tape

10 thumb tacks

1;2” x 8” wpoden dowel or (first grade) pencil

two 3" x 3" pieces of cardboard (from a shoe box)

A.P.H. light sensor (for the blind child)

language cards for the déaf— beam of hght

mirror
shadow .

screen mesh—14” x 16~ (available at local hard-

ware stores) ‘

*2 E.S.S. metal mirrors

*4 E.S.S. mirror stands

* *4 plain masks (# 6)—4° x 6" pieces of black paper
with a shit on each side to be mounted on brass
fasteners (see page 48)

8 brass fasteners

one 3” 3 5" index card (available at local art stores) .

cardboard gingerbread man cut-out (6" high)

crayon )

8" x 20" mounting board (avanlablc at local ant

stores)

mat knife or xacto knife (for use by teacher only)

(available at lacal art stores)
A.P.H. braille ruler
various simple shapes—scissors, tweezers, etc
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‘Advance Preparation

Tape the 16” x 20” piece of double-weight mounting
board to a table top or desk. Allow at least a4” clearance
between the edges of the mounting board and the table
top edges. This 4" areais forthe A.P.H. light sensor. Place
tape on the bottom of the mounting board only. (Tape on
top of the mounting board edges will impede free move-
ment of the A.P.H. light sensor.) Cut a piece of the 3" X 5"
index card so that it fits under the ligh{ sensor noseand is

* * flush with the table ‘top. (Save-the index card.)

)

o

.

Tadoy v taprd?

te bt sonsor /1 -
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- Prowe of mdoy card-

Boiwegn 1
bl rap

This allows the light sensor to slide morefreely along
the mounting board edges. Without the piece of index
card, the “rubber shoes™ of the light sensor tend to catch
the mounting board edge, causing the light sensor toslide
unevenly.

Tape-the E.S.S. hight source box to the table top
against the back.edge of the mounting board. This is to
prevent the ray of light from shifting if the boxis bumped.

Tape the light source top to the sides of the box.
Allow as little light as possible to escape. The slightest
amount of light can be detgcted by the A.P.H Ight
sensor -

Using the mat knife or xacto knife, cuta1-1/27 x 8"

+ opening about 1/2” up from the bottom edge of the 8" x
20" piece of mounting board (small mounting board).

-

\-

-~

iy —_—

.
| s— —

Tape:the 147 x 187 screen mesh to the 16" x 20"
mounting board. ’

» /

Place three of the plain black masks over the two side
. openings ahd the back opening, using the brass fasteners,
~ $o that no light is emitted.
. e

- s +
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Cut a 1” x 3" opening in thetenter of the remaining «
plain mask and place it over the fr(\)nt opening.

J

- S

Pron mask

wath oponing

—

Tape two mirror stands to each mirror

S IRt
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N
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Using a thumb tack, the 37 x 3" piece of cardboard,
and the 1 27 x 8~ dowel or (first grade) pencil, push the
thumb tack through the center of the cardboard and into
the dowel end.

»

— Phomb 1k urdorngath
’
_Tape the newsprint 44" x 177) to the mounting
board screen mesh system,

Place the 8" x 20" piece of mounting board on top of
the newsprint. Pushit up against thelightsource box with
the side having the rectangular cutout nearest the light
Sensor.

Press the remaining thumb tacks into the mounting
board in the nighthand corner farthest from the light
source box.

Suggestions

’

Give the children-a chance to exploreithe optics
setup. Have the blind child set up the light sensor on the
front side of the mounting board with 1ts nose facing the
hght source. Encourage thé visually impaired child to
slide the light sensor from left to right, starting from the
left corner of the mounting board. This should be -
repeated a number of times so that the child becomes
familiar with the sound pattern produced as well as the
inferplay between the light sensor and the mounting
board. !

Question: “What causes the pitch to go higher and
lower?” Encourage the child to press a thumb tack into
the mounting board, marking where the pitch of the light
sensor makes an abrupt or sudden chamnge (first higher, ./,
then lower). Make sure s/ he realizes that evidepce of the
fringe or edge of the light ray is denoted by the sharp
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change in. pitch, not by the gradual increase or decrease

,heard asthe light sensor nears the ray’sedge. Once the two

thumb tacks (outlining the ray) are in position, have the
child measure the width of the light beam by placing a
bradle ruler against the thumb tacks and measuring the
distance between the two.

Question. “How wide Ithe Light beam or path of
the hght?” Have the child line the A.P.H. light sensor
along the front edge of the smaller mountintg board.
Repeat the previous procedure. Mark and measure the

wdth of the light beam. The thumb tacks should be

pressed within the opening of the small mounting board

Question. “What happens to the light ray as the
distance between the hight sensor and the light source
increases?” “What happens to the sound from the light
sensor” Have the small mounting board removed. Now
have the child plot the width of the opening of the light
source. Encourage the child to draw two lines that will
show the edges of the light ray extending from the light
‘source to the edge of the large mounting board. If s; e
does not devise her or his éwn system, suggest that s/ he

line the ruler up against the three thumb tacks on either

side of the light beam’s path and draw a line (using a
crayon) between them. There should be two raised lines
(because of thescreen mesh) on the newsprint outlining
the path of the light ray. The thumb tacks can be removed
at this ume .

Shadows R

Once the child has marked the outhne of the light
ray, place the erect pencil probe in the path of light.
! <y

I3

%

Explain-to the child that an object 1s blocking part of the
light beam leading to the light sensor.

Question: “How can you find the area within the
light ray path that s being blocked by the probe?” The
child should set out t6 plot the dark area within the hight
beam using the light sensor in the same manner as before.
Some children will be able to distinguish the leftand right
edges of the dark area (and will mark two points), others
won’t (and will mark only one). The thicker the probe, the
better. Tty to-have the child plot the edges of the dark

" area. After the dark area has been plotted, have the child

feel the probe. Explain to her or him that the dark area
{was created by the shadow cast by the probe. Once both
edges of the shadow have been marked, have her or him
measure the shadow's width.

Quiestion: “What causes the difference in size
between the pencil and its shadow (smage)”™ Have the
child place the small mounting board into position again
Place the probe stick (pencil) diréctly in front of the light

souYce dpening, The child should plot the width of the

probe stick’s shadow from the two established distances
of the large and small mounting boards Suggest thai the

outhine of the probe’s shadow be plotted using the ruler _.

and crayon.
Next, fold the index card intoa**V" shape or tee-pde.
Hand it to the child and have her or him place it in the

- light beam path. Encourage her or him to locate its
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shadow and plot it with the thumb tacks. Then have the
child alter the position of the tee-pee. “What happens to
its shadow?”

Have the child use other objects (1 e., scissors, tweez-
ers, ‘etc.) and see if s/ he can plot their shad ows.

e

SCIENCE AND ART

In our program an integral part of the science lesson
1s an art lesson that is based on the assumption that both

disciplines share common learning expenences and pro-

O
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cedures Behaviors involved in science and art reinforce
each other and allow the child to internalize and com-
mumicate her or his expenience 1n a creative manner..
Science reveals the nchness of the natural world. Art
helps the child to shape her or his understanding of that
richhess with her or his own hands and mind Wath the
strategies and sample experiments cf?;cugsed, the goal of
providing a high-level, appropriate education for handi-
capped pupils through science 1n the regular classroom —

50

without taking place at the expense of uthers, but, on the
contrary, enriching the education of all others — becomes
a realistic and challenging possibility
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In a position statement on science education for the
future, the National Science Teachers Association sug-
gested that the goal of science education should be to
develop scientifically literate citizens. (8) This goal is
equally relevant for intellectually handicapped children
and youth at a more fundamental level. Due to a combi-
nation of limited capacity and expernence-based deficien-
cies, many handicapped youngsters have had inadequate
interactions with the physical environment. (5) Such lack
of experience limits these thildren’s informational reper-
toire and, hence, their abihity to solve the probfems that
confront them in school and later life. Curriculums for
intellectually handicapped students in particular should
include an emphasis on basic science concepts since for
these students knowledge of the environment 1s essential
for survival. Systematic learming about the physicalenvir-
onment 1s critical, for example, so that problems with
safety (¢.g., touching something hot}~Qr problems with
. health (e.g., having an inadequate diet)\can be avoided.
£5).In addition, basic science concepts that help familiar-
ize intellectually handicapped students with the physical
world ate neécessary in building a fodndation for the
mastery.of vocational skills (e.g., cooking, raising plants
and animals, using tools and machines).

A lingening problem has been the lack of methods or
models for teaching abstract science concepts to the intel-
lectually handicapped. Such students often have diffi-
culty learning these abstract concepts due to their lower
level of cognitive f unctioning. These needs have not been
met by nationally funded science prog}ams such as
Science Curriculum Improvement Study (SCIS), Ele-
mentary Science Study (ESS), Science—A Process Ap-
proach (SAPA), and MINNEMAST, all of which stress

. N

10. CONCEPT ANALYSIS: A MODEL FOR
TEACHING BASIC SCIENCE CONCEPTS TO “ :
INTELLECTUALLY HANDICAPPED STUDENTS

by Jack T. Cole, Margie K. Kitano, and Lewis M. Brown

.
7 v
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The authors develop the concept analysis model in a clear. and meaningful way.
Further, they offer it as a viable approach to the problem of successfully teaching ,
abstract science concepls to the intellectually handicapped student (as well as the
¢ regular student) because this techniqueYosters concep! formation, thinking ability,
logical deduction, and creative problem solying. Jack T. Coleis Assistant Professor
Educational Specialties, New Mexico State.
University, Las Cruces; Margie K. Kitarz:) is Assistant Professor of Early Chitd- '
hood Education and Special Education, Department of Educational Specialties,
New Mexico State University, Las Cruces;"and Lewis M. Brown is Assistant

Professor of Geology, Department of Earth Sciences, Lake Supenor State College,

content and process to varying degress and are designed
for classrooms containing nonhandicapped children,
with the exception 1s SCIS, which was modified for use
with the visually impaired. s

A strategy that has great potential for use inteaching
science concepts to intellectually handicapped students is
concept analysis. This technique 1s particula rly usefyl
with remedial learners in the areas of concept formation,
thinking ability, logical deduction, and creative problem
solving. For this reason, the four aspects of the goals of
science education—knowledge, skills, understanding,
and propensities (7)—are well addressed through the use
of concept analysis. ’

This teaching technique concernsitself withidentify-
ing the critical and noncritical attributes of the concept to
be taught. Models using concept analysis have been deve-
loped to enhance the processes of generalization and
discrimination. (1, 6, 9) The differentiation theory of
Gibson (2) and Gibson and Levin (3) and the attention
theory of Zeaman and House (1 1) and Zeaman (10) sup-
port the use of concept analysis principles Both theories
point to theimportance of enhancing the relative stimulus

_attributes, a principle maximized by comparisod of criti-

cal and noncritical features-in concept analysis. B
The authors advocate the model of concept analysis
illustratéd in l?fgﬁre 1 for developing a basic science cur-

_riculum oriented toward intellectually handicapped stu-

dents. To utilize this model, the teacher must develop an

- instructional plan based on five phases'
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1. Identify the Concept. In this first phase,
the teacher simply identifies the concept(s) to be taught
For example, some basic science concepts important for

(0
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Figure 1. Concept analysit model

intellectually handicappéd students might include living,
work, energy, growth, env:ronment mammal, shape, and
reptile.

— <.
II.  Analyze the Concept This phase actu-
ally consists of two steps: the identification of critical and
of noncritical attributes. Critical attributes have charac-
teristics that, taken together as a set, differentiate a con-
cept from other concepts. (4) The entire set of attributes
must be present to define a particular concept.

Using mammal as a concept example, the critical

attributes mWe ,

Body covered by hair (fur or wool)
2. Marpmary glands
3. Lungs

4 Four limbs (arms gnd legs, flippers, paddles)
) /}n 1 P P

|
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5. Gives birth to living young (except for duckbilled
- platypus and spiney anteater)

6. Two parents

7. Capable of movement

Noncritical attributes, of course, have characteristics
that do not dxfferenuate a concept from other concepts.
While the list of noncritical attributes could be infinite, it
is essential for the teacher to identify those that would
serve 10 confuse the mentally handicapped learner. At
first glance, many attributes appear to be critical to a
concept. However, closer examination will reveal that
they are common to more than one concept, are no part of
the critical set defiming the concept, and, consequently, do
not serve to accurately differentiate between concepts.

Again using memmal as a concept example, some
noncritical attributes might be; .

1. Color <

2. Sex

3. Size

4. Age

5. 'Number of parents after birth

6 Dietary habits,

7. Life span !

4

11 Identify Man y Examples and Nonex-
amples of the Concepr. Examples of the concept
containathe set of critical attributes while nonexamples
lack the set of critical attributes

For mammal, examples of the concept cotild include:
Man
. Cat
Pog
Monkey
Cow'
Horse .
Mouse

N s e —

For mammal, nonexamples of the concept. could
include

. Snake

. Duck M

Fish

. Insect

. Lizard

Frog ’
Shellfish

NV AW N -

1V. Present Examples and Nonexamples
Ofthe Concept. Theactual presentation of examples
and nonexamples to the intellectually handicapped stu-
dent should utilize a variety of media. For mammal, live

-

%
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examples and nonexamples as well as ones depicted in
movies, photographs, and drawmgs could be used. If

drawings are to be used, they should be as realistic as

possible.

Examples of the concept teach the student to gener-
alize to other incidents within the same concept, while
nonexamples teach the student to discriminate between
differing concepts. It is especially important withintellec-
tually hapdicapped students to present a large number of
examples in a variety of situations. These situations
should also include noncritical concept attributes. Exam-
ples presented for the concept of mammal might be man
‘and bov, which would account for the noncritical attri-
butes of size and age. Similarly, the presentation of sev-
eral men and women would account for the noncritical
attributes of sex and number In order toavoid confusing
the mentally handicapped learner, 1t1s recommended that
mastery of the examples be established before the intro-
duction of the nonexamples *

V. . Present Finer Levels of Discrimina-
tion, Examplesand nonexamples should be presented
in a manner that calls for increasingly finer levels of

disctimination by the learner Essentially what might be'

_termed a funnel approach s used Imitially, the difference

between the example and the nonexample should be very
clear 1t would be a good idea to contrast man (eXxample)
with rock (nonexample) As the student masters these
clear contrasts, finer discrimination will be required For
\nstance. anteater (example) would be contrasted with
armadillo (nonexample).

In summary. the concept analysis model presented

by the authors provides a process by which teachers can

systematically develop and teach science concepts to
intellectually handicapped students 1n a manner that is

= \

easy to implement, effective as a teaching tool, economi-
cal in terms of time needed to prepare units, and finan-
cially inexpensive.
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11. °THE VISUALLY IMPA!RED HIGH SC?]OOL

' STUDENT CAN SEE HER OR HIS PROGRESS

IN THE REGULAR

( IENCE CLASSROOM
T by Ma Anh Ovnik ) .

*In %r apphcanon of the team app ach the alithor describes a mainstream science

program in which the.regular classroom teacher and the special resource teacher
work tagether with the student and her or his parents to produce and mod:fy a

da1a-based science program, enabling blmd as well as sighted students to 'see” their

progress. Mary Ann Ovnik is a science teacher and Special Education Resource
Consultant, Lyons Township High School, South Campus, Western Springs,

Illinois. , .
. "!3 -
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.

*Do you see™ asked the.science teacher. %very stu-
.- dént in the class nodded afﬁrmatnel) Jane and Joseph,
"nodding with the group, each putdowna st)lus and slate.

‘ ¢ The teacher enthmastxcally went on with the lesson, and

the sfudents were ifistructed to g0 to their labgratgry
stations and work on the inquiry planned for that day.
Jane and Joseph were not laboratory partners, but they
did confer and share materials. They were free to do.so

duringlhe lab period and during the time they spenitin the
Resource Room. One was only aware of their visual & “service is ,available.

|mpa1rment when they proceeded to cross the room with

braille notes in“hand. Jane and Joseph were both blind

students, and this incident took placein a biology ¢lass at
Edwin G. Foreman High School, Chicago, Illinois, inthe
mid-1960’s. -

Mainstr?aming has been carried on in the Chicago
Public School System since [900. Chicago and its subur-
ban school systems have planned for and provided suita-
ble mainstream education for the visually handicapped.
Special education services are available and used as
resource assistance to these students. Visually impaired
students are programmed into regular education classes

Rording to their intellectual ability. Individualization is
R cafried out to make the tramsitiop smooth and to give
W each student an opport mty to reach full intellectual
- potential.

Rules andy Regulations to Govern the Administra-
tion and Operation pf Spewal Education specifigs that a
student is eligit when “visual lmpalrment is such that
the, child cannot_develop his or her ¢ducation without
spe jed services and materials.” (3) In 1965, the General
Asgembly of the State of Illinois outlined the Services for

the Visually Impaired in Article 14 of the School Code .

o 1.01). This agency, located in Chicago, coordinated
the aterials needed for teaching visually impaired stu-
dents in mainstream settings. Materials such as braille,
large print, and recorded textbooks were made available

n

.

Glatgr extended to the secondary level, and since J

- s

service was offered only.for elementary studenty

post-secondary services have been offered.
Resource assistance is a\aﬂable in gach’

ing a wsually |mpa|rcd student In the A%y of Chicago,
there are two secondary -level Brailie Cent# and visually
impaired students may elect to go to eit s jOf the Center

& munity. Bys

Schools of to the home school mn thenr

At the Braille Center a branlle resource teacher 1s
assigned 1o assist the students. Visually impaired students
are assigned to, the Resource Room instead of to study
hails. The students, mainstreamed f&r all classes, are
%en assistance by peer tuto_ring groups as well. The
resource teacher's role includes assisting the academic
teachers in preparing specialized classroom matenals,
and instrucfing them in prepgning sunable teaching aids
(i.¢., raised line drawings, e#.). The tape recorder 1 the
handy helpet of both student and teacher. ’

If the student elects to attend her or his own home
schaol, provision is made to sypply the student with an
iinerant teach®r who schedules visits according to stu-
dent need. During these visits the winerant teacher assists
the classroom teachers and the student through cofsulta-
tion and/or direct service.

We no longer question, “Should we mgjnstream?”
The question now is, “How do we mainstream most effec-
tively”" The scientce teacher, who.has as a major concern

the imparting of scientific knowledge, may find the pres- *

ence of a visually handicapped student a real challenge.
Whnle the teacher's immediate t’hOughts may go to altera-
tnons to the curnculum, developing new materials 1s not

‘the answer. What is used to teach sighted people can also

be used 5 teach those without eyesight. Adapration of
materials is the real possipility. . -~
Targeting behavior through data-based program-

o}
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ming may be the answer for the science teacher. What
exactly fs demanded of any student to successfully com-
plete this pa course” What types of matenals will
this handicapped student use to adapt the curriculum to
her or his need? Braille texts, typewnitersin theqlassroom,
raised line 1llustrations, taped materials, and a peer tutor
as a laboratory partner who has been specially selected
not only for ability but also for personality are just a few
of the alternatives that may be used. What skills and. or
behaviors will the™sudent need to improve or definitely
possesp before being admutted to the course? Exactly what
arhg or his deficiencies? How can they be overcome?
These questions are answered specifically for each student
in the form of an Individualized Education Program
required by Public Law 94-142.

Care must be taken to ensure proper placement of
visyally impaired students th academic science classes
Whatever intellectual requirenrents are set for nonhandi-
capped students should also apply to those who have
handicaps. Students should not be placed in less challeng-
1ing classes just because they are different fromtheir cléss-
mates. It 1s easier to modify the curnculum that 1s on the
ability level of the student than to enrich and interest a
student in material that 1s not ¢hallenging.

Data-basing your program's modification can be a

.method of keeping all of your students, handicapped or

not, actively involved 1n planmng their courses of study

A student-kept performance chart based on the percen-
tage of correct answers given on a daily quiz can be an
ideal way of keeping the student on her or his toes. If the
performance chart is ‘kept.as a graph; the wisually
impaired student can use a Swill Stylus and produce a
raised Lin¢ graph of daily quiz grades just as her or his
Jighted peets can. The student not only would have a
visual that the teacher can read in a glancg, but also could

< actually “see” her or his progress, Performance charting

Q
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by the students works as a motivating mechamsm with all
types.of students of all ability levels When the graph
takes a dip and the student obvnously 1s failing to meet
mimmum standards. both teacher and student will be able
to zero 1n onthe trouble spot and know before itis too late
that work 1s needed on a particular umit or concept

Pgision teaching done 1n special education classep:

1s very¥difficult to apply to mainstream seience classes.

CRarting on 6-cycle paper would not be necedary. Regu- .
_lak_braille graphs, easily prepared by a secondary-level

visually impaired student, should be used Astime passesq
the student will become more peoficient in keeping her ot
his own graph, and eventually lttle assistance will be
necessary from the scienge teacher.

The daily objective quiz can be prergcorded on tape,
and the visually impaired student would use earphones to

take 11 with her or his peers during the class peniod Ifa

e

[
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prewritten braille test paper is used, the student can just
circle the answers with a pencil, and the quiz ¢an then be
easily graded by a non-braille-reading science teacher Or,

‘as is the case with secondary students, the use of, the

typewriter eliminates the use of braille altogether
Scnenc&éeachers are generally organized and hve
their course objectives clearly stated. Individual goals for
the handicapped student should also be clearly stated
Progress toward thesé goals should be measured fre-
quently (daily, if possible) and charted by the student
. Consistency in using the program is a necessity Stu-

.dents begin to challenge each other to do better This

competition among students, handicapped included, is
the normalization, that will take place when WeEEat ah
students 1n a similar manner

Whatever information 1s gathered through, this
recordkeeping process should be used in making recom-
mendations for change in the student program The Indi-
viduahzed Education Program modifications can be
made from thisdata The student, the science teacher, the
ré&ource teacher advisor, and the parents should all be
involved 1n planning this program. It works' Blindstu-
dents do see their progress'’

LY
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12. STRATEGIES FOR STIMULATING
SCIENTIFIC INQUIRY FOR ALL STUDENTS

Py

~

\

by Paul W. Welliver ’ .

“

An examination of-a set of four components and six strategies found in Investiga-
tive Science in Elementary Education that contributes 1o a successful science

program for

h‘hd% pped and nonhandicapped students. Paul W. Welliver is

Professor of Educalign, Pennsylvania State University, University Park.

While early science instruction may be desirable fur normal
children. it seems almost/imperative for the development of
language and logicin ha pped children Tobegin'will not be

casy. but that matters little 1t 1510 the nature of bc.gmmngs that
they are difficult It s time 10 begin~ (3)

“Oh, Ms Willtams, this is so exaiting!”

Carole Williams looked down and caressed the child
who had run across the roUmQ;an his arms around
her as she had entered the classroom. She then looked up
at the child’s teacher As their eyes met, they both smiled
and exchanged understanding nods. Vince was experi-
encing a rare moment of success and accomplishment!

Only three years before, Carole Willlams had been a

indergarten teacher in that same Philadelphia inner-city

hool. Virtually all of the children in her class werefrom
economically disadvantaged famlies. It seemed to_her
that the proportion of handicapped children was unusu-
ally high that year. Vince was one of them. He justdidn't
seem to understand much of what she was trying toteach
him He was quiet and withdrawn. He seldom responded
to what went on around him. He rarely attempted to
communicate withanyone. He just sat there day afger day.

Ms. Williams was a conscientious and dedicated

teacher. She was trying so hard to prepare these children '

to learn the basic skills that she felt were so importanttoa
satisfying, successful life. She felt thé dgspair and frustra-
tion of not seeing normal, developmental progress taking
place.

One day she had the opportunity t6 observe a dem-
onstration lesson in process-, inquiry-oriented science
being taught to a group of elementary school children, All
of the children, representinga wide range of abilities and
aptitudes, recame involved in investigative activities with
simple, commonly available materials. From the involve-

. ment and excitement that she witnessed, Carole Williams

Q
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became convinced that science instruction would perform
a valuable function in her curricular program.
Howeyer, this conviction led to further conflict and
uncertainty As much as she wanted to provide her stu-
dents with experiences of the type ‘that she saw in the

»

.
<

science demonstration lesson, she was concer\ned. about
her own inadequacies in this area. After all. she mused,
she knew virtually nothing about science and how 1t
should be taught. Of even greater toncern was how she

' could attempt to introduce science to children with such a

diversity of backgrounds abilities, and physical and men-
tal limitations as she encountered 1n her classroom.
It was a fortuitous chain of events that

led Larole
Williams to discover during the following summzer that 1t

was, indeed, possible for her to introd uce science into her
classroom. It carfie during a bnef encounter with some
science instructional matenals developed for the elemen-

N
tary schools of Pennsylvania.(I) As she saw the cntical

elements fall into place, her eyes widened and she
exclaimed, “J can do that!”

The science instructional program that she encoun-
tered was not much different from many other process-,
inguiry-oriented programs available throughout the
country. However, it was comprised of a particular com-
bination of elements that she tecognized as being useful
and that subsequently led to Ber success in the classroom.

—_ o ——

Four of these program components are of particular

significance.

.
~

1. Emphasis on Inquiry and Process

Because the science lessons and relaéed activities are
inquiry- and process-onented, strong emphasis i1s placed
on individual and small-group learning. This situation
adapts well to a class with a wide range of abilities. Each
child can investigate and explore g particular question,

problem, or scientific phenomenon to the extent of hus or

her level of understanding, ability, and sophistication,
Considerable flexibility is provided which allows for
appropriate progress of all students, regardless of mental
and physical ability.

Insome instances, children pursue the lesson individ-
ually. In other situations, children of similar ability work
together in a common scientific exploration. Instill other
instances, a less homogeneous group will find it beneficial

. to pool their talents as a means of aucomphshmg their
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2. Use of Simple Materials .~ .

/I\nclherq'actor that contributes to adapting science

iistruction to a'Wi‘ely heterogeneous group of childrenis

*co

th;}se of simple, familiar, easily obtainable mategrials for
ucting the science xnvestxgatIOns. Paper towels, uin
cans, wax paper, cardboard, paper cups, and soda straws
are typical of the apparatus used to conduct experiments
and carry out observations. . B

As a result, the\ehlldggn are not 1ntimidated by the
equipment they are b use. No unfamiliar appararus has
40 be mastered. F\))rthermore, no ‘concerns exist over

-

.damage of equipmant or personal injury Some children

~
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who. due to the natfire of their handicaps, may have had
problems 1n utihizing more traditional apparatus can
safely pursue their investigations utihzing these simpie
items. At the same time, appropnate and sigmficant
investigations can be undertaken

. ff’
3. De-emphasis of Science Content

Concurrent with the mstructional emphasis on n-
quiry and process 1s a de-emphasis of science content.
This orientation avoids the situation in which a slow
learner 1s overwhelmed by a large body of informafion
that must be mastered 1n order to achieve a feeling of
SUCCESS .

. Although this feature enhances science tnstruction
for children who may have difficulty with the mastery of
an gxtensive body of science content, 1t in no way inhibits
learning on the part of students who are inchned to pursue
more scientific facts and information. [y 1s a widely held
misconception that tnquiry science and content science
are somebow mutually exclusive, that these appfoaches
present an either-or choice. Actually, an inquiry ap-
proach. if properly managed, can lead tq a wealth of
content far beyond what might be préscribed by a text-
book approach through which a limited amoutit of con-
tent is presented. .

An inquiry approach permits and, indeed, encour-
ages the learning of content to a degree that 1s restricted
only by the imts of the individual child to comprehend.
This, therefore, 1s-why this de-emphasis of content is so
important to classes that include children Wwith a wide
range of abiliies Each child can extend learning to the
limits of his or her capability without being either threat-
ened or restricted by a prescribed amount of content

4. Emphasis on Appfopriate Instructional
Strategies

"Assume, therefore, that the tefchet is conducting a
science instructional program that places a strong empha--
s1s on Inquiry and processes, is not limited to a set pro-
gram of content, and utihzes simple, readily available

materials. Such a program cannot be effective if the
, teacher continues to use the same instructional strategies
that are effective in ‘the more traditional cyrricular
approach. .
) As a result. this fourth element consists of a series of
basic instructional strategies that aclassroom teacherean
use in order to stimulate and facilitate exploration and
#quiry on the part of the children. These six strategies are
cértainly not exclusive and all encompassing.(1) Theydo,
howeyer, provide a foundation upon which others can be
added. ™, -

Strategy 1. Teacher questions and state-
ments require students 10’examine and manipu-
late the matenals they are using to arrive at their
answers. The teacher using such a strategy requires
that the student derive answers from the manipulation
and observation Jf matenals Responses can provide the
basis for additional questions for which further experi-
mentation and ohservation can be developed in order to
formulate more answers As a result, all children canlearn
and be successful because such success 1s based on the
sophistication of their inquiry and not solely on pnior
knowledge )

Strategy 2. The teacher fosters students’
support of their inferences by leading them to
establish a direct relationship between their
ideas and the observational evidence on which
they are based. Under this instructional strategy’, stu-
dents learn to relate their ideas and inferences to obsgrva-
tiohal evidence The first strategy 1s. therefore. taken an
additional step by which the student 1s asked to support
ideas by using evidence from observations Again, basic
skilis 1n logic and ¢ritical thinking are fostered

Each child within 2 class 1s challenged to the extent of
his or her ability and understanding Furtliermore, the
child is placed in the position of being self-correcting 1f
previously stated ideas and assumptions are not’sup-
ported by evidence. This establishes an atmosphere of
self-sufficiency and worth within the child when he orshe

_can support the accuracy and correctness of 1deas rather
than relying on the teacher for final judgment

Strategy 3. Student interpreiations are
considered acceptable (even though they are
partial or temporary conclusions) as long as the
evidence from their investigations and experien-
ces supporls their responses. Obviously. this stfa-
tegy teaches an important scientific principle. All ex-
planations, including those of trained scientists, are
tentative and subject to change as new evidence is
acquired. So, too. must the teacher accept ideas and
interpretations as long as available evidence supports
them. However, of greater importance 15 the effect on the
student Nothing can be more devastating to the confi-
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o that when such Time 1s provid

denge and initiative,of some children than being told that
they are wrong when all of the evidence available points to
_ their being correct.

In order to encourage desirable free investigation,
the teacher accepts such ideas but then asks questions that
“will lead to additional activities, new data, and, possibly,
revised ideas and interpretations.

Strategy 4. Reasonable time is provided
during discussion for observation, thought, and
reflection. Based on the research of Mary Budd Rowe
(12), this “wait-time™ permits children to think through
their observations and othet available informationand to
formulate more valid responses. Rowe has also found
following a question,
children tend to give lohger responses and answer 1n
complete sentences. Students are then able to derive ideas
from their experiences ratherthan relying on stock, mem-
orized answers which may Rave only imited meaning o
them.

"As a resuMahe social chinate of the classroom 1s
prone to change froda teacher-centered orientation to a
child-centered focus ighich childrén of varying ability
can feel more comfortafle and secure ’

. ‘Strategy 5. ~Teacher questions and behav-
igrs emphasize the use of processes including
bserving, elassifying, communicating, measur-
ing. inferring, predicting, and experimenting.
These process skills are. of course, basic to inyuiry”
science Furthermore, they are important to all other
curriculum areas and, indeed. are essential life-coping
skills Practice in systematically utihzing these skills
makes childten {ess dependent on specific information
and bettef able to deal effectively with new problems and
situations. .

Strategy 6. Teacher questions and state-
ments encourage wider student thought and
suggestions for additional investigative Behavi-
or. Through such a strategy, the teacher creates an
open-ended environment in which children identify new
directions and questions to explore. Again, each child 1§

 able to flourish in such a situation to the extent thiat his or
her capabilities permit. :

&l

It1s, therefore, these four ¢lements—(1) emphasis on
inquiry and process, (2) use of simple materials, (3) de-
@phas:s of content, and (4) emphasis on appropriate

L 4

'

°
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instructional strategies —that enabled Carole Willhlams to

introduyce science instruction into her nner-city kinder-

garten classroom. Despite her lack of background in

science and the wide diversity of physical and intellectpal

abilities of the children, the enthusiasm for science grew

and spread throughout the entire school. Within a year,

Ms. Williams was on leave from her kindergarten class-

room and traveling throughout the entire school district

helping teachers to discover the excitement of her ex-.
penence. . ° .

During this comtact with hundreds of elementary
school teachers, Carole \\iilliams made an interesting
discovggy. Because of these key factors in science instruc-
tion, she was receiving favorable reports from teachers of
many types of students, ranging from classes for the
mentally retarded to special classes for the gifted, as well
as classes in which children with a wide range of physical
and mental capabilities were grc;t\ped together

+ Then one day she responded-fo a call from ateacher,
in her home school, te whom she had introduced these
science instructional matenals She was invited tovisit the -
classroom and see how the children, many of whom she
had taught three years before,” were reacting to their
science experiences With the tnvitation had come the hint
that she might be interested 1n seeing if she could observe
any changes in Vince' - ‘

What she was to experience in her encounter with
V ince helped to further confirm the phenomenon that she
was now beginning to observe more and more in her work
with children and teachers. This was that Benjamin'
Thompson (4) was correct in his observation that,
“Science can become an unsuspected ally in'the struggle.
to provide success for the hEndncapped children who
seldom enjoy success in school ” &

- )
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13. MULTISENSORY SCIENCE EDUCATION—

MEETING SPECIAL CHALLENGES .
- by Larry Malone and Linda De Lucchl

-

A desc:rtplio;z of the multisensory materials produced for the visually impaired in

the SAVI program. They haveYound that sucha carefully prepared program results

- ‘in the growth of student self-esteem and confidence. Within lhe\cgznl‘ext of the
le

mulnisensory experience, the studenis’ handicaps are circumven

or “neutral-

_ 1zed, " resulting in success which produces a “good feeling " that often carries over
into other aspects of life. Larry Malone and Tinda De Lucchi are Curriculum
Developérs. Lawrefice Hall of Science. Universuy of California. Berkeles. cy

~

For moro#than a decade, the Lawrence Hall of
Science (LHS) at the Unnegsity of Califorma, Berkeley,
has been prominent in science curnculum developmént
and implementation. LH$ has used a” mulusensory”
approach to science teaching from the onset of its involve-

mentin the field. Although reading the edycational mate- /

rials and literature related to the early projects eminating

from the Hall will reveal only incidental allusions to a

multisensony approach, the history of multisensory
science education 1s recorded in the basic philosophy and
program Xrategy underlying every Hall project.

Lawrence Hall of Science projects feature matenals-
centered, hands-on student learming experiences. The
teacher acts as the educational facilitator arld lessoncéor-
dinator, the students act as observers, investigators, and
interpreters. Every student has science materials right4n
front of her or him. The expenence 1s personal. and all
senses are drawn into service for gathenng “scientific
information.”

The Science Curniculum Improyement Study 1s the
senior citizen of the LHS projects. SCIS 1s a K-6 hfe
science and physical science program for the regular clags-
room. At the time of 1ts development the authors emﬁga-
sized the use of sensory input. If & solid matengl is most
effectvely differentiated from a second matenal by tex-
ture, the students are-encouraged to obsche by feeling.
Similarly, students use their noses to gather irrefutable
evidence that something 1s dead and decaying. The sound

-

g motors for lighpRulbs in electrical circuits. blind
students could have full access to science learning night
alongside their sighted peers. Access is the key word here
The faethbdology” and approach utihzed in SCIS were
ideally suited for teaching visually impaired youngsters;
Adapting Science Materals for the Blind was a project
directed toward removing the matenal barriers that pre-
vented visually impaired students from learning

in 1976, LHS started work on a project to proauce
science materials specifically designed for the visually
handicapped population Science Activities for the Vis-
ually Impaired (SAVI) Lesson plans and hardware were

carefully prepared and tested with visually impaired -

youngsters throughout the country Historically. visually
smpaired youngsters were the original “mamstreacn;g
students, integrated into regular classrooms for de

with success. Consequently, while SAVI] materials were

being tested with mainstreamed visually impaired stu-

dents, they were also used with a good number of regular
learners. and teachers recognized the value of the mate-
nials for all of the students in their classes. At the same_

_ time we_observed a “creep effect” as the SAVI materials

of gas evolving from an experiment and the temperature

changes of an endothermit reaction are critical observa-
tions that carry the SCIS student far beyond the visual
mode of “read and watch.”

in the late 1960’ SCIS came to the attention of
educators of the visually impaired..Here, they recognized,
was a program fhat reached thmc-quarterg of the way to
the blind learner. With some modifications to measuring
tools, such as thermometers and measuring tapes, and
some adaptations of certain activities, such as substitut-

"D.
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found their way into classes with learning disabled, emo-
tionally handicapped, mentally retarded, orthopedically
handicapped. and multihandicapped learners The
response was unanimously positive multisensory expe-
nences involved everybody. We now cleagly stress the
multisensory aspects of the SAVI matenials and try to
build versatility into each activity 1n_order to reach as
many learners as possible.

As the project materials become more flexible and
versatile, the product is evolving into something that is
more than a science program it is becoming an instruc-
tional medium. rough the medium of science activities,
youngsters can apply the skills they are learning in lan-
guage and computauon Handicapped youngstérs, often
deprived of opportunities to acquire fundamental skills
for independent living (using a knife, pouring. measuring.

. 5

.
.
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maintaining living Organisms. €1C. ). gdsn exXperience manip-
ulating new objects. And the less tangible learning areas.
such as social development and self-esteem, are exercised as

) A‘)}oupgﬁers take part in science in imvestigations with their

. RC&I'S.
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Science taught using the multisensory approach 1s mot-
ivating Students. handicapped and otherwise, get involved
and apply themsehes not only to the science content. but
also to the language and computation skills incorporated in
each activity Multisensory matenials permit students to use
alternate senses to make observations. thus successfully cir-
cumvenung their handicaps The special student s fully able
in the context of science. .

Success-becomes an issue where learning disabled stu-
dents. spefifically language disabled students. are con-
cerned The argument has been lodged (apd with good
reason) that we should capitalize on the motivational yuali-
ties of hands-on science to sumulate reading and wniting
skills The other side of the argument is that we must circum-
vent the reading and wnting deficits in order to provide
successful learfing expenences The latter is more in keep-
ing with the goals of multisensory science expenences

sproviding pathways to achieve successes by circumventing
handicaps But the former 1s ceftainly justifiable and worthy
of exploration

A multisensory science activity has four principal goals
for the student (1) to increase the understanding.of science
content, (2) to develop science process skills. (3) to streng-
then manipulative skills. and (4) to apply fundamental aca-
demice skills (language and computation) within the context
ofscience We'd like to expand oneach of these goal areas to
expose some of the special considerations that go pto the
preparation of a multisensory lesson plan that would ensure
access to learning for every yvoungster. and then to amphfy
this discussion with examples 1n both life science and phyi-
cal science

, CONTENT ACCESSIBILITY

-

One primary goal of a science program is to teach
science the content of science A basic comprehension
of the workings and structure of our universe 1san impor-
tant part of every person’s education The first challenge
facing these' who prepare mulusensory materials 15 to
ensure that all learners are presented concepts in a way
that is comprehensible in terms of their experience and
their developmental level. This iﬁcssnatc viding stu-
dent matenals that satisfy the needs of all blind. deaf,
learning disabled. and orthopedically disabled We devote
our atienfion to macroscopic investigations nothing
microscopic  Experignees are concrete rather than theo-
retical. Investigations are engineered so that youngsters
actually find something out rather than being told what

should be happening. tunuepts are develuped through
experience.

Consider germination. We want to teach the concept
that sceds germinate, and that there are similarities and
differences in the way different seeds germinate. The first
step is to get.several different kinds of germinated seeds in
front of the students to observe. For blind yuungsters itis
important to provide large. cumplete seedlings that
clearly exhibit roots. shoots. cotyledons. and seed coats
Different seeds have umyue odors as they germunaje
Students can use these vdors as differentiating properties,
The concept of germination (the congent of the activity )1s
distilled from the experience of “observing™a number of
examples of germinated seeds ;

Another concept dealt with in a science activity is the
acidity of foods We want students to know that certain
fouds have auid in them. and that bdkxﬁg soda can be used
as an indicator to venify the presence of acid In order for
all learners to obseryve evidence of the presence of acid. the
activity must beengineered so thatthe reaction is notonly
seeqi. but also hegrd. and so that the volume of resultant
gas is felt To accomplish this, the acid soda reaction is
performed in a closed bottle into which a4 syringe 1s
inserted Students can see and hear the reaction, and feel
the syringe plunger being pushed up as a result of gas
evolution The concept of food acid results from the mul-
tusemsory expetience of acid and oda 1n a specialized
apparatus

Figure |
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PROCESS ACCESSIBILITY , &

The processes, or actions, that permit students to
make discoveries and arriveat understandings are equally
important goals of a science agtivity. Again, careful atten-
tion to the details that permit all students to conduct
experiments, measure materials, and make observations
wxll help them become independent investigators and
logical thinkers. So the second challenge to multisensory
activity writers 1s to design techniques and tools that are
umderstandable by the youngsters and provide them with
avenues for independent investigation,

To ensure that all students have full access to the
concepts of science, we avoid sophisticated “black.box™
tools and. resise doing things for ehe students that might
result 1n a gap 1n their understanding of the process of
investigation. The learners must take an active role in
every part of anactivity in order to be able to integrate the
parts tnto a consistent whole.

Germination is more than a seed that has opened and
exhibits roots and shoots. Te fully understand the process
of germination. youngsters must start with seeds, do
something to them to cause change. and then observe the

. deyelopmental changes that occur over ime. The process .

can't take too longygr the students will become bored. so
the seeds chosen must develop in a week or so. And the
process must be simpleenough for the students to imtiate
all of the procedures so that théy can attribute outcomes

to their actions. .
. Genérawons of stydents have put seeds in moist cot-
‘ton of paper and observed changes. These are not appro-
pniate techmques for blind and orthopedically handy
capped students, germinating seeds are injured as the
observers try to disentangle them from the medium, and
they are nmpossuble toreturn to the growing chamber. For
all )oungsters to observe germunation, a commercial seed
" sprouter in several layers is the answer. Seed$ are easily
irngated dady, and easily removed, observed, and
returned at any stage of development any number of
times. Such an apparatus provides all students with access
¢ totHe process of germination, the changes that occurs the

time it takes, and the environmental conditions.that pro-

mote germination (Figure. 2).,

Knowledge of acid in foods is interesting, but per-
haps even more important is knowing a process fordeter-,
mining if a food has acid init, am?;f 50, how much. Using
the bottle and syringe mentioned above gives all learners
access toa process for making these determinations. Also,
the valuable skills of c6ntrollmg variables and sequencing
operations come ifto play as the process is developed.

Students put ene spoonful (1 ml) of baking soda in
the bottle and screw the lid on tightly. They then take up 5
ml of vinegar with the synnge, and poke the syringe up
into the hole 1n the cork. The vynegar (acid) is squirted

’
’
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Figure 2

o

into the bottle. and the resulting reaction pushes the
plunger upwa;d Biind youngsters can feel it happen.
When acids_m foods (Citrus juices) are tested in thus
manner. their strengths can be compared to the strength
of vinegar (a standard) by comparing how far the plunger
15 pushed up Convertinga traditional classroom reaction
into an investigative process adds richness to the science.
program for all learners

ACCESS TO MANIPULATION

If students learn best by doing their own investigat-
ing, it is essential that the gools and objects that they must
manipulate be appropriate to the needs of the students.
The third challenge to the educator preparing multisen-
s0ry science matgrials is to ensure that the size and com-
plexity of the sciencg materials and recordinig tools are
appropriate for the coordination®and strength of the stu-
dents. Manipulations should be challenging, but not diffi-
cult or tedious to the pount of frustration The daily dife
apphcauons of well-developed mampulative skills are
obvious, and a well-planned multisensory science pro-
gram includes a great deal of manipulation

The germination activity is an examplc of justsucha
set of mampulations. Youngsters can take total responsi-
bilnty for the experiment. Seeds used in the activity
beans. peas, sunflowers, and pumpkins are large. The
seed germination trays nest and are dedigned in such a
way that the youngsters nged only to measure | 2 liter of
water and pour it into the top tray. The water automat;-

.

cally flows through all layers, irngating all of thg seeds

Roots, seed coats, shoots, cotyledons. and swelling are
easily observed as sprouts are not tangled in cotton or

6l .
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covered with soil, The youngsters can handle the opera-
tions independently.

The activity of testing food for acid involves many
operations. The students measure baking soda with meas-
uring spoons and hiquids with a syninge. They pour, screw
lids on bottles, use a kmife to cut.fruit, squeéze juice intoa
cup, and record data. The modified syringe and reaction
bottle allow all students to perform these manipulations
and to arrive at the saine generalizations based on 1nde-
. pendently collected data.

)
ACCESS TO OTHER DISCIPLINES

$
The current trend in education 1s to fortify every
youngster s intellectual armory with a solid bank of fun-
damental academic skills. To be sure, the basic skills of
language and computation are essential for the academic
survival of all students. However, practice and dnill can
develop proficiency to only a degree. to be competent

_with these skills, the student must be able to appl) these
skills to real learning and lLiving situations. Hands-on

science 1s just such an application situation. The fourth
challenge to the educator preparing multisensory science

activities 1s to amphifythe opportunities inherent in most

lessoms for exercising these skills. In this way the teacher
can take full advantage of the motivational aspects of
science to incorporate application experiences from other
disciplines into the multisensory science lesson.

Seeds undergo radical changes during germination.
We encourage the development of descriptive, verbal lan-
guage to express the changes observed. The new struc-
tures that emerge in germinating seeds are. named, thus
increasing the student’s vocabulary. Students read cate-
gorical labels and sort sprouts according to whethgr or
not they exhibit various characteristics. A “summary
report” might be written by the students tocapsulize what
was learned about germination. ’
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When students investigate the acid in foods, they
judge the acid content of a specific fruit juice by observing
the amount of gas liberated in the reaction. The acid
“standard,” vinegar, yields a full syringe of gas. An acid
that yields half as much gas 1s "half as strong™ as vinegar.
This activity gives the youngsters an opportunity to
develop and or apply their understanding of fractions
and proportionality. The stidents are also given the
opportumity to “double the amount,” or “use twige as
much” of one of the reactants to see what will happen.
These fundamental concepts of computation are often
more easily developed in a situation such as this where
concrete objects and observable outcomes are used to
develop abstract ideas. Mulusensory experiences with
concrete phenomena permit all learners to share in the
first-hand observations that assist coneept development.

The Sprouting Seed and The Acid Test, the activities
highlighted above, are two of the 48 activities developed
by the SAVT project. All 48 address the four chalienges
posed here, and it has been the experience of many of our
users that the SAV] activities answer those challenges.
In closing. we'd like to touch lightly on a ﬁf(h “chal-
lenge that is the responsibility of every educator in every
specialty at every level to help develap a complete
human being in the person of every student she or he
touches In the case of the handicapped youngster, the
challenge must be met with exwa determination. We're
not going to suggest that a multisensory science program
is the instant answer to the total integration of the handi-
capped youngster into all aspects of life, but we will say
that the growth in self-esteem and confidence seen as a
result of a carefully prepared science program s undenia-

ble At least within the context of the multisensory expe-

nience, the student’s handicap is circumvented or “neu-
tralized ™ The resulting success produces a good feeling,
and the good feeling often carries over into other aspects
of life.
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. 14. USING SCIENCE TO STRENGTHEN
ATION SKILLS OF
HEARING IMPAIRED STUDENTS -

COMMUNI

by Donald C. Orlich and Kathleen M. R. Black

This chapter describes a program using SCIS materials with hearing impaired
> students 1o strengthen both their science and their communication skills. Donald C.

Orlich is Professor of Education and Science Instruction, Washington State Uni-

versity, Pullman; and Kathleen M. R. Black is a teacher of the hearing impaired,

Lincoln Middle School, Pullman.

Y

One area of American education that 1s gaining
momentum s the adaptation of instructional matenals
and curriculums for handicapped chikdren. The major
impetus for these widespread efforts 1n science education
for the handicapped stems from Public Law 94-142, the
Education for All Handicapped Children Act of 1975.

Much has been wntten about PL 94-142, and it must be’

“noted that one aspect of the law has been to make availa-
ble the totality of the curnculum toal handicapped child-
ren. In 1978, the National Science Teachers Association
(NSTA) conducted a conference under the auspices ofa
National Science Foundation grant concerning science
education for handicapped children The outcome of the
conference was the 1979 NSTA publication Source-
book: Science Education and the Physically Hand-
capped. (2) The Sourcebook provides excellent back-
ground information concerning science edycatiomrfor
most handicapped students. However, in the area con-
cerning the hearing impaired, the Sourcebook provides
only general strategies for science education and the
application of science teaching to other content areas
Thus, there is a need for detailed accounts of successful
classroom experiences. )

The project on which we are reporting took place
during the academic year 1978-79 in the Pdllman,
Washington, public schools. Quring that academic year,
the National Science Foundation's Pre-College Teacher
Development Program funded a one-year project to help
extend thé science knowledge of elemefitary téachers in
the Pullman school district through a grant to Washing-
ton State University (Grant No. 78-03954) with the U S
Office of Education. Co-author Orlich directed the pro-

rial Objects component from SCIS in her self-contained
class for the hearing impaired at Lincoln Middle Schoot

s ’ . “‘
" THE SCIS RATIONALE

2 .

SCISisa coﬁcept- and activity-oriented elementary
school sci€nce program which has both physical and bio-
logical science components. The program is designed to
be used throughout the year at each grade level, kindét-
garten through grade six Adefinite cycle of three stages is
suggested 111 the teaching of SCIS. In the initial explora-
tion stage, activities are organized and the children learn *
through spontaneous interactions with the various mate-
nals. The second stage, invention, -appears when the
teacher ‘labels the concept being studied. The labeling of
the concept comes only after the children have-had con-
crete experiences that illustrate the respective specific
concepts. The last stage in.the SCIS developmental cycle
1s called discovery. It 1s duning the discovery phase that
children learn to make new apphcations of the conceptor
skill that has been learned.

The SCIS curriculums based largely on the theories
of Jean Piaget. In Piaget's theory, mental processes are
suggested to take place through a series of operations.
There are three major stages within Piaget's theory. (I

. pre-operational, (2) coiicrete, and (3) formal operations.

ject with the assistance of Dr. James M. Migaki, a science .

educator; Dr. George Williams, an ecologist; and Dr.
Gerald Tripard, a physicist. As an integral part of the
project, Science Curriculum Improvement Study (SCIS)
was instituted in the special education classrooms of the
distriet.

Kathleen M. R. Black, co-author of this article,
became intrigued with the possibility of using the Mate-
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In the SCIS program, the emphasis i1s on the concrete
operational stage—that 1s, using materials and objects to
learn scientific phenomena. To be certain, logic and rea-
soning are also developed'as a part of that stage.

» »
TEACHING THE HEARING IMPAIRED

" The ability to communicate effectively 1 one of the
major goals of teaching hearing impaired children Com-
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mumicanpn is one of the thirteen major scientfic pro-
cesses that were defined by the American Association for
the Advancement of Science in its classic curriculum
funded by the National Science Foundation and entitled
Science A Process Approach (SAPA). Thus. while
expanding scientific literacy is a major goal when teach-
ing SCIS, 1t became apparent to the writers that there
might be a link between teaching science processes to
hearing impaired stitents and helping them to commumi-
cate more effectively

Humans have'developed a compendium of symbols
and patterns for expressing experiences. philosophies,
and emotions These linguistic symbols and patterns are
acquired and used primanly through the auditory chan-
nel{ Any interferences with the auditory channel of com-
fﬂ'ﬂ/mcauon causes experlential deficiencies, and, as a
result. language structure is not acquired 1n a “normal
pattern " Thus, children in hearing impaired classes must
be provided with a rich spectrum of e xperiences that will
help them toacquire and internalize language so that their
auditory deficiencies arg minimized and their concrete
and formal operational experiences maximized )

The teaching of language to hearing impaired stu-
dents at Lincoln Middle School s provided through the
use of Total Communication The teaching philosophy of
Totat Communication combines finger spellingand Man-
ual English (a sign language system) with the spoken
word, and emphasizes the use of residual hearing and the
visual modality of hip readmg\Q\e teaching of language 1s
an integral part of every activity in the classroom One
might summarize the teaching of hearing impatred stu-
dents by stating that their curriculum 15 1n fact “language
arts ™ All educational experiences are integrated so that
language arts instruction is the top prionty

With the adoption of SCIS in the classroom. the
teacher (Black) was faced with the task of providing
adequate scientfic literacy expenences to the children
Maierial Objecis. the first level of the physical science
seyuence of SCIS, appeared to be a logical beginning
point to apply science in conjunction with the structaral
language curriculum of the classroom The language pro-
gram (1) was patterned after a program of linguistic
expansion through reinforced experiences and continu-
ous evaluation. The program provided a sequential and
spiraling curnculum which incorpgrates five basic steps
in teaching language (1) cumprehensivn developing
wocabulary, concepts. and the form of structure, (2)
manmipulation physically manipulating words and
phrases to aid 1n understanding structure. g3) substi-
tution  varying structural elements, (4) production
saying and signing simultanfously. and (5) transform-
anon fearranging simple sentence patierns

It became readily apparent thatthe five langudge arts
program steps coincided with the developmental cycle of

SCIS. exploration, invention, and discovery SCIS was
implemented as an effort to improve the scientific literacy
of the children, but concomutantly the science experiences
became an extension of the language arts program. (See
Table | for the relationship of language arts and the SCIS
teaching cycle )

Table 1 Relationship of the Classroom Language Program and the

— SCIS Teaching Cycle

Classroom Language SCIS Téaching Cycle

Program Steps Exploration Invention Discovery
Comprehension , X, X
Manipulation % - X
Substitution X X
Production X X \
Franstormation . %

¢ ' .
. The following are examples of the actual implemen-

tation of the science curnculum

Exploration Stage

All instructional objects and materials were pres-
ented and manipulated by the students Later. students
participated in “object hunts"around the school grounds,
at home. and in the classroom A variety of sorting exer-
cises took place with objects found on the hunts. with
classroom objects. and with materials provided by the
SCI% kit Students explored the materials with a min-
imum of teacher direction and thu< learned about the
matenials and their properties through their handhng of
the objects and €Xperimenting with them

Invention Stage

t

, Students were introduced to the word object when
reforning to any piece of matter The students were taught
a new ugnirepresenting a word or conceptand illustrated
by a specific hand shape. movement, and placement) for
the term ohject and shown that this sign had the same
placement and movement as the sign for the word thing
but with a different hand shape The word préperts was
used to refer to any charactenstic of that piece of matter
orobject As th}e'students were prompted totalk about the
objects  “Tell me about the pencil™ or, “What kind of
material is the¢ pencil made of”"  they would describe the
object, its uses, and 1ts properties Gradually they were
taught to identify and describe objects by their properties
rather than by their uses '

The term property was fingerspelled as there was no
available sign to represent the concept Convergent ques-
tionrs were asked to gain feedback about the students’
undersjanding or recall of a certain fact For example
“thzarc the properties of this ball”™ A student might
reply. “Red and round " The teacher would then reinforce
and expand the response with. “Red and round are prop-
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erties of ths ball.” The teacher helped the students to

express new concepts by learning new terms, new signs,
and new definitions. This strategy enabled the students to
interpret their observations and explorations.

Discovery Stage

’
A chart entitled “Properties of Objects” was designed

so that objects could be classified by selected properties.
As the students’ “property” repertoire developed, more
classifications were added to the chart. The chart was
always prominently displayed in full view of the class.
Initially, the teacher presented the basic classifications
The students were consistently encouraged to add to the
list or to tlustrate a new use of a property. As’the year
progressed. the students began to add to the hst. These
additions were not limited to “'science time " The students

demonstrated true “discovery™ by adding the terms spon-’

tancously 1n all their classes By the end of the semester.
each student was able to categorize objects bysthe follow-
ing properties size, color. shape. material. and texture
Additionally, they could make compansons between
matenials and properties. describe objects, and establish
categories These were all accomplished through both
written and verbal expression. .

> . -

THE ROLE OF QUESTIONING

in teaching SCIS, or any activity-oriented science
program. there is the need for the teacher to ask questions
appropriate to the concept being taught In those cases
where closure i1s needed. a teacher asks convergen: ques-
tions. When a wider spectrum of responses is desired, the
teacher asks divergent questions Hearingimpaired child-
ren, however, frequently have difficulties in both under-

" standing and responding to questions.

Q

. It became apparent that convergent questions about
the science activities were rather easily processed by the
children. This was to be expected as most of the language
activities of the class were focused on literal processing

When the teacher began to use more divergent
questions  such as, “What happened?”or, “Why”"- the
initial student response was minimal. However, through
continual use of the more interpretive and evaluative
question types, the students began to respond approp-
nately. Their responses showed growth in both the qualit-
ative and the quantitative components. These responses
were reinforcing the objectives that the teacher had estab-
lished for the structured and nonstrkuctu'red language pro-
gram. Throughout, the teacher gmded and encouraged
the students to “discover " or discern new apphications for
the previously learned science concepts.

RIC . I
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ARTICULATING SCIENCE AND
. LANGUAGE SKILLS

-

The ininal structure of the language program—
Noun;+Verb (be) + Adectve (e.g.. ball 1s red)—was
found to be crucial for the students' ability to progress to
more complex structures. However, some of the children
were experiencing difficulty with the categorization of
nouns vs agjectives. In adfition. the appropriateness of
the choices of adjectives wasoften in question Although
thé rules of Enghsh grammar proyide that nouns are
“persons. places, or things”and that adjectives are “words
that tell about nouns,” the basic distinctions were not

, being fully grasped by the students.

SCIS provided practical, concrete expenence for
reinforcing adjective and noun concepts During “lan-
guage time,” emphasis was on further classificatiog and
deséription of nouns and objeets by their adjectives or
properties

A FEW SELECTED FINDINGS

Each child was evaluated individually through a
daily data-keeping system

Two children were able to construct a ssmple sent-
ence of the Prondun + Verb (be)+ zdje;tn'e*' Nountype.
through both verbal and written sentence construction
with 80-100¢; accuracy .

A third cheld was able to construct a simple sentence -
of the Aoun, + Lerb the )+ Adjec tive lype.through verbal
sentence construction with 40-90¢, accuracy depending
on his or her attentiveness and maturation

Atthe end of the<1977-78 school year, students were
given the Standard- Achievement Test normed for the
hearing impaired prior to the inclusion of the SCIS cur-
riculum. At the completion of the 1978-79 year. following
the implementation of the SCIS curniculum in the class-
room, the tests were repeated..Scores 1r3d151-t?a'that the
students increased on the average of 4 grade levelson the
Scierice Subtest during the 1978-79 academic year. The
scpres can now become base lines for future reference
points of academic growth. -

CONCLUSION

‘A—s—-‘/
-

Unlike the study reported bs Linn and others (3),1n
which her group compared the relative achicvements of
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mainstreamed, hearing impaired children against “nor-
mal” children and in which cognitive fests $howed no
significant differences, our methodology tends to approach
that of single subject design. Our goal was to determine
effective ways to integrate science instruction with lan-
guage arts i

The reader may ask. “Why are they overemphasizing
this component‘;” Qur primary reason is that science
instruetion in the elementary grades isslowly being forced
into the realm of an extracurriculgr activity and is not
being considered as one of the “basics.” This erosion of
science 1s witnessed in states such as Washington where
accountability laws all but 1gnore the teaching of science
as a basic subject in elementary grades. ]

By illustrauhg that science is. 1n fact. a major contrib-
utor to language arts, there 1s an opportunity empirnically
to convince admingstrators and special educators that
science has a place 1n the ongoing curriculum of handi-
capped children It only takes materials. a willing teacher.
and a lot of work .
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. 15. .SCIENCE FOR THE
DEVELOPMENTALLY DISABLED

by Judlth J. Trottﬁ’

The author examines &' variety of materials that may be used with the developmen-
tally handicapped ‘child including SC IS Me Now, and Me and My Environment.

The author- finds that to survive in'the real world, all children must’ become
setentifically literate, and that this concept applies especially 10 the hanchapped if
the gap which already exists developmentally between them and nonhandicapped

childrert is not to be allowed 1o widen. Juduh J. Trotia is Coordinator of Special
Education, Ramsey (New Jersey) Board of Educdtion.

s

Public Law 94-142 15 in effect Under this law a
handlcapped persom 1s entitled to an appropriate educa-
tion. an individuahzed program of instructron, and the
least restnictive environment. Much of the controversy
today focuses on the phrase “least regﬁc%wron-
ment” and thus encourages the adaptation of existing
science programs to meet the needs of handlcapped per-
_sons 1n the regular classroom.

In most .scientific circles the term handtcapped i1s

tricted to the physically, handicapped (auditonly, visu-
al\y. or orthopedically handicapped): Even the National
Science Teachers Association's publication, 4 Working
Conference on Science Education for Handicapped Stu-
de 15(4) deals solely with sciepce education for the physi-
cally handicapped. This restniction of the term hand-
capped 1ignores those 1,507,000 persons irf this country
who are developmentally handicapped (mentally handi-
capped, if you wish). These developmentally handicapped
persons are also entitled to an appropnate education,
individyahized mstrucuon “and the least restrictive en-
vironment.

Arr “appropriate educat
include science for all childre
environment. For survivalfchildren need to know and
understand themselves and their place in this world. For
survival, they must learn to observe, 10 catalogue to
make judgments, and to draw conclusions about them-
selves and their world. To function independently in the
world today, a person needs “scientific literacy.™ The
' media constantly assault us with scienufic dataand termi-
nology, much of which has become part of
conversation. If the developmentally handicappe@child s
not taught these concepts and this terminology, the gap
thatalready exists between the nonhandicapped child and
the developmentally handicapped child automatically
widens.

— Ten years ago “science” was never mentioned 1n

n” in this couniry must

L 4

/ We have a highly technical

rdinary”

*

textbooks dealing with the developmentally handicapped
Searching through curnculums did. however, reveal
activities that might be termed science. naming of envir-
onmental objects, differentiation of body parts, orienta-
tion to weather, and planting of seeds. Anmformal survey
of colleagues who teach the de\elop all} disabled
revealed that all taught some aspect of science. that all
taught science 1n irregular schedules. and that few used
formal science programs. One colleague even admitted t
teaching science only in the spring The student response
reported, however, was umversal. “They love 1t ™
According to the American Association on Mental
Deficiency, the developmentally disabled” are those of

- subaverage general intellectual functioning originating

dunrlg the developmental period and associated with
impatrofent 111 adaptive behavior. There are, as 'with any
handicap, various levels of mental handicaps, rahging
from borderline (1.01-2.00 standard deviations from the
narm) to profound (5 or more standard deviations from
the norm). Those individuals considered here fall in‘the

mild. moderate, and occasionally severe range (2.04+

standard deviations from the norm).

“y»* Those students w(l? are borderhine and mildly dedel-

opmentally disabled hose considered Educably Men-
tally Retarded in New Jersey) either may be truly
mainstreamed in a lower-level regular class or may receive
their science instruction frem their own teacher Still
another solution at the junior high and high school levels
is to have the science teacher present “special™ science

i classes to the developmentally disabled The teacher of
the developmentally, disabled sheuld take into account *

67

that the developmentally disabled student will Igarn more
slowly, at one-fourth to one-half the rate of chronological
peers. . ) -
Attention span or lack of it may well be another
problem: Lessons must be taught by small.and sequential
steps The developmentally disabled student may need to

68
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be led st@ by step to form the first simple hy pothesis and

even more slowly to form the first canclusion. Since

‘transfeg 1s frequently a difficulty with these students,

experiments must be linked to the 'students’ real world.

Ongmnally 1 “experimented” with teaching science.
My class was composed of developmentally disabled
teen-agers of the severe-to-moderate range (those consi-
dered Trainably Mentally ®etarded in New Jersey) My

Tirst equipment was an Ideal Primary Science Kit. Since

my college background was in sciencg and those.were the

days when special education students were isolated in
church buildings. 1 decided to se¢ what my students could
. learn We “covered™ air. water. light. sound, magnetism,
and a bit of electricity in a most elementary fashioh. My
method was mainly lecture demonstrations with student-

helper demonstrators Sometimes 1 performed a simple

¢ c¢xpenment dnd let each student mimic my procedure.
Using the experience chart technique, we wrote very sim-

ple stories ajgout our experiments. and [ diagrammed the
expeniments For example. our unit'onair included exper-
iments on ‘the existence of*air. its volume, weight, and
pressure, what happens when air is heated. and wher®ur

1s The, concept of “air™ was mind-boggling to my stu-

dents, and the simple experiment of imploding a can was

" relegited to the realm of magic. - .

1 weekly duplicated our experience chart stories and
sént them home. hoping sonle mterchange would occur
within-the family The response from both students and
their families was overwhelming Being able to share their
science expenmcnts with their siblings inflated the self-

_ concept of cach student Here, at last. wasa real “subject™
that they had in common with their brothers and sisters
They. too. could say. “We had science today Ths s what

: happened 1n our experiment "

My 1nitial success i1n science for my developmentally
disabled class led me to further inguiry. In our school
system the elementary classes use the Science Curriculum

. Improvement Study, (SCIS) program With the help of
our scrence department chairperson Charlie Butterfield,
. the school system-purchased*the first threc levels for our

. specxal education cldsses Science became part of our
daxl\ schedule ,

: - The SCIS program attempts to introdfice scientific
knowledge through xpericnces with a-v?ie, variety of
physical and biologicdl materials. The chifdren observe,
investigate, measure, predict  always working from con-
crett models in front of them The program stresses the

. four major sgientific concepts of matter. encrgy, prga-
nism, and ecosystem, as well as the process-oriented con-
‘cepts of propéry reference frame, system, and model.
SCIS 15 diyided intog phySical science sequence and a life

. scienge scducncc cach ong having six umits or levels

SCIS comes equipped with cx%rythm&onc needs includ-
ing “send-away-for™ live specirhens and workbooks

» Our progress was slow, but_real More repetition
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than is proyvided for in the manuals was frequently neces-
sary. Adjustments for nonreading students needed to be
made. Sometimes we again used the experience chart .
approach The students told me what to write about our
experiments, and | wrote iton the chalkboard Those who
were able to copied it into their workbouks Some of the
spearfiens seemed too small to be casily observed. Bor-
rowing sqme idcas from the Biological Science Curricu-
lurh Study (BSCS) curniculum for the blind secmed like a
good 1dea, using frogs instead &f daphmia, using genetic
corn nsteadg of fruit flies, and using bigger tadpoles 1
tried keeping vocabulary as simple as possible. but did not
hesitate/to use scientific terms Freguently my students’
receptite abilities far exceeded their expressive ones. 59 |
taught visgabulary tn the conteat of theé science lesson and
reused 1t {\w,ntmg and language skills | still send home -
vocabulary [ists. which are the basis of some horne inter-
actions and wgich bring,another kind of posttive rein-
" forcement. . ) .
SCIS succeeds in putung fhanipulative material and
cxpcnmcnts in {ront of each child or pair of children.
fostermg the m((opcndcnce we to_achieve with the
develupmentally disab ed. It does 0Bt matter to them that
academically the matérial 1s at an elementary level while
they are in high school These students must be taught to
ubserve acfurately while the teacher consgiously resists
B giving cyes of any kind The developmentally disabled -
tréthed 10 report what 15 observed and in what

«

must b
sequence and, from that data. o speculate or infer
Observing must be separated from teacher pleasing
Observations can be reduced to pictorial rcprcscntallons
or single word.responses  Developmentally disabled stus,
dents must be lgughl to dranw condustons. a skill not
usually expected of them Yet, anyone surviving with
mimmal independence draws many conclusions. The .
steps to a conclusion must be small, as concrete as possi-

ble, and sequential The students must be taught to use {F

data and obseriations to dlsprmc’ﬁ'h)puthcm aswellas.

to prove one. The concept that being wrong 1s part of the
scientific pracessis a big revelation To persons who hase

been wrong mest of their lives, guessing 1s a big nsk.,-\_._
Dcvclopmcntalﬁ disabled students, more than nonhandi-

" Lapped students, need to be taught to,trust those capabili- &
ties of ubservation and to extrast information from those
observations ' .

Even without a sgstematic program as comprehen-
sive as SCIS. oppuortunities for science education are read-
iy available Keeping pets in the classroom is an old ruse,
but still a valuable one. Participating in the care of class-

-roum pets provides an opportumty for ubscnatno’r’]\ as
well as teaching o valuable skill for the developmentally
disabled to use in later ife We have had guppies. turtles,

* tadpoles, mice, guinea pigs. caterpillars. neighborhuod

. dogs and cats, birds. and even sheepand hurses Oneclass

we know had a huge iguana lencourage visits from home

"

684 b ot 6'9 '




. - ’ ) v
g - . .
- ,' -*
pets The science department at the high school weleomes which studies the ecosystem and its interrelationship to
sour visitd to its living specimens. Anything living makes a the person ) Me Now was onginally formulated by the
suitable classroom pet. Simple observations of an anim- Biological Science Curriculum Study under a *United
al’s appearance lead easily to questions regarding why its States Office.of Education grant for educable mentally
. teeth ar®sharp or why its feet are thatshape. Discussions handicapped students. ages 11-19 (muldly deselopmend
of natural habitat and simple classification follogv. These tally handncap%cd) It 15 a two-year program with four
discussions can be expanded to research und model eco- units Digestion and Circulation, Respiration and Body
“ systems. If the portunity for mating an animal occurs, Wastes. Movement, Support. and Sensory Perception.
« the students ééga le to watch the entire life cycle If the . and Growth and Development Matenials include posters.
death of an amimal occurs, students learn to accept death worksheets, pre- and posttest booklets. chemicals. day-
. as part of the hife progess. A daily association with any light shides. and wonderful film loops that show the actual
. animal stimulates the curiosity of eyen the least ¢apable fluoroscoped digestion of a piece of food. a beating heart.
student and sometimes amazingly Cﬁllurcs the attention the fertihzation of an egg. etc An added attraction 15
ot of the withdrawn stgudc;nt D . Dudley. the Ruman torso. whese-stomach churns food
~ Plants of all kinds offer another science experience. and whose heart pumps “blood" through see-through
A developmentally disabled student can and should be veins and arterigy [t takes my students four years to
taught the names of common vegetables. house plants. complete the four units. but they know their stomachs are
and gardcn_pléntsv After all. a rose is not a daisy. why! not below the wayst and that babies do not grow in
should 1t be a daisy for a developmentally disadvartaged stomachs
. person” Naming 15 the first step teward classification. A person who does not know her or his own body 1s
. Seeds can be planted qnd observed any time of the year, afrard Study of the human body isa nat'ural introduction
not only in the spring Seeds other than common vegeta- to the discussion of human sexuality Other people.
bles and flowers can be planted and charts kept of germi- including parents. are frequently apprehsnsive about dis-
nation tmes Attention can be focused on seasonal cussing the changes and processes of their own bodies
plants Dtvelopmentally disabled students can be led to with the developmentally disabled person who is expe-
draw cpnclusions about plant needs by experimenting | riencing these changes angd feelings While biological
with seeds and plants under different conditions of ight. ' changes 1n body appearances are observed and expe-
heat. and- nutrients One of {he advantages of haying fienced. behavioral and emotional changes must also be
" plants around a room 15that stuants may easily observe discussed | have received much material and help from
different kinds of plant propagations Learning how to my own health department and from other sources The
plant, transpiant. and prune even simple house plants L. pmerican liance fof Health. Physical Educatron. and
provides potentially valuable skills for the developmen- Recreation. 'and the- Sex Information and Education
tally disabled ’ Council of the United States publish a small book, 4
Bird watching 1s another activity adaptable to devel- Resource Guide -in Sex Educaum%b‘/\l_’zy‘\'lemally
opmentally ‘disabled students The National Audubon Retarded. which 1s a good beginning and which conggins
~Society yubl:shés a wond\erfuljumor bird watching kit an"excellent bibliography (3) Planned Parenthood of
" The developmentalfy disabled need to be taught'to name Seattle. Washington, publishes a series of illustrations
&' - and dyfferentiate the birds around the school and around hat are simple and explicit Sexuality as part of a com-
Mﬁfr’#omes Observing where the .birds live, what they - prehensive science program seems to be less threatening
eat. and how they obtain their food and listgring to their to parents and the general public Lessons in sexuality
? songs can be an exciing expgrience. It islequiily impor-- * must be short. sequential. and to the point Frequently,
tagy for the developmentally disabled gtudent to learn the developmentally disabled person has many miscon-
- hdWto be a quet; listening observer ard tofocus atten- ceptions that must be gently dispelled Instructions for
. tion on an object as small as most birdk. . personal hygiene and s#if:care must be repetitive dnd
I 15 a basie nght to khow and understand one’s own specific
body. This 1s the_right of developmentally disabled per- Any science experiment. whether as part of a formal
sons They have bodies and feelings just like the re%t of program or as informal observations. has proved to be a
humanity. They have the right to know the proper loca- simulating. shared topic for conversations Thssaspectis,
" tion of thesr organs. their proper names, and their func- extremely important to the developmentally disabled
tjons The knowledge of ordmary bodily processes as a stnce their social d‘g\clopmcm frequently lags behind
_part of hving seems basic, but 1t 15 often denied to the their chronological age The closer social behavior can be
i developmentally disabled. molded to what 1s considered acceptable for that chrono-
- We now include Me Now 1n our-science program logical age. the more acceptance a developmentally dis-
(The same publisherprodgces Me and "My Environment. abled pérson is assured in this society Social behavior
P » .
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includes acceptable conversation topics. Through conver-
sation centered around experiménts, the students have a
chance to feel that their observations are as importap! as

. the teacher’s or any other student’s. Perhaps for the first
time in her or his life, the student fecls part of the adult
world. .

But you say, Do you really learn?” My answer is a
resounding “Yes!” | have been surprised at the extent of
my students’recall. My students come back in September
and can stull describe metamorphusts - not only aof the

_fruit fly, but also of the caterpillar we found on the

- geraniums. They are vitally interested in their own bodies.
know that they are in their greatest years of change, and

take pride in that. They know that the “apartment” parts

of our bodies have names, that we all have them, and that

1t’s'all right to talk and wonder about them. On the other

hand, yesterday's fesson must frequently be retaught

today; one unit may take a month, or even a year. Butit's

. Education for Retarded
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16. SCI
CURRIC

NCE FOR DEAF STUDENTS:
M SUGGESTIONS FOR GROUPED

uAND MAINSTREAMED PROGRAMS
by Joanne B. Stolte and Shirley C. Smith

A review of the special needs of and barriers faced by deaf students, both acaderni-
cally and n careers and career exploration. The areas of language development, -
projective and imaginative thmking, estimation skills, and inquiry skills are .
3 efplored, as are the barriers resulting from neganve societal expectations for deaf
individuals. Joanne B. Stolte is Director, Special Projects Division, Research for
Béiter Schools, Inc., Philadelphia; and Shirley C. Smith s also in the Special . |
ojects Division, Research for Better Schools, Inc., Philadelphia.

-

Deaf students do have some special science educa-
tion needs that afe different. at least 1n degree. from the
sciénce education needs of other students. I would hike to
discuss these needs and to make a few curriculum sugges-
tions for both grouped and mainstreamed programs
Being specifically interested in science career develop-
ment of deaf students. I will also discuss fome science
career developnent needs of deaf students that have
become apparent 1n the course of my research in thisarea
and describe a program now 1n development that s
designed 1o meet these needs )

Furst of all. deaf students need curriculum materials
designed 1o meet their special language requirements.
Hearing children learn language primanly through the
processing of an almost constant barrage of speech
sounds. Deprived of this experience. the language acqui-
sition of deaf chuldren1s a slow and arduous process The
result 1s a lag in language development that soon leaves
the deaf child several years behind his or her hearing
peers. Specifically, G. Walter lists three areas’in which
most deaf students experience language deficiencies. syn-
tactic. lexicon (or vocabulary), and expenential. (23)

“In terms of* syntax, deaf students may not have
abserbed the patterning of Enghsh rules of syntax aiready
mastered by other students their own age. For example.
word order 1s crucial to mearming in the English language,

ut this principle often presents confusion to deaf stu-
dents. An example of thisconfusion is presented by Harry
G. Lang in u paper on the sigmficant traits of hearing
impaired physics students; he reports-that these students
often confuse the meanng of the sentence. “The force
caused the acceleration™ with its invegse. “The accelera-
tion caused the force.” - . :
_ Deaf children also expenience similar difficulties in
vocabulary developmeni. More often than not. new

words mast be consciously learned rather than just
'3

%

“picked up™ in casual conversation. Similarly. the deaf
student 1s deprived of much casual reinforcement of new
words Words with muitiple meanings often present diffi-
«ulties to the deaf student who, having learned one mean-
ing of a word, 1s unaware of thé subtleties of that meaning
and the existence of other. sometimes drastically dxffer[\
" ent. meanings for the same word #For instance. during the
< introduction of the states of matter, the deafl student
might have difficulty in understanding the distinction
between liquid and gas since the word gas 1s already
understood as a kind of hquid. gasoline Similar difficul-
ties arise with regard to idioms and other special word
meantngs. ' .

Deaf children are also often deficient 1n terms of
experiential background because they often miss out on
many experiences that make e normal daily activities”
of most children. As a result of their deafness, they fre-
quently become socially and experientially 1solated.
whether they hive in segregatgd facilities or within their
own horges. .

Teachers of deaf students. therefore. must be sensi-
tive to the effects of this expeniential deprivation as well as

" to any syntactic and vocabulary deficiencies that may be
troubling their hearing impaired students An awareness
of such potential difficulties should play a role not onlyin
the presentation of concepts and instructions within the
classroom. but also 1n the preparation and selection of
materials.

.- A second area 1n which de|af students may need

" special help 1s the area of imaginanve and projective
thinking Traditionally. schooling for the deaf has
emphasized language development and, in the gontent
areas. the acquisition of information and vocabulary,,
Consequently. there 1s usually little "ime devoted to
imaginative and projectivg thinking. If there isan émpha-
sis on anything, mastery of basic facts will Gsually take

7
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precedence over other activities less closely related to

“getting by " Therefore. although the areas of imaginative

-and projective thinking may be difficult for the hearing
impaired student, they are ess¢ntial and. as such. must not
be neglected

A third and closely related area that often presents
difficulty for the hearing impaired student is the area of
estimation skifls Science is often held up to nost students
as a subject in which they must be exact There has been
an emphasis on right and wrong answers rather than on
Iprocedural skills Whereas this attitude limits mgst stu-
dents. 1t appears to bg particularly binding on dgkf stu-
dents who tend. by reason of their total educational
experience. to hold to the concrete and to feel more secure
with precise information Forthese reasons, deafstudents
often need extra hel;ﬂn the nurthnng of their estimation
skills '

A fourth area in which deaf students may also nged
additional help 1s the development of inquiry shills Deaf
students. by virtue of their impairment. do not hearall of
_the h\pdthesn testing, deductive and inductive argu-
an(S.dnd othgr logical analyses thatare part of everyday
comversation. sugh as, "I think its going to rain The
temperature 1s dropping. the wind 1s coming up, and 1t's
starting to'cloud over in the west ™ As a result. they often
experience a lagin this essential area of cognitive develop-
ment Teachers of hearing impaired students must be
‘sensttive to this lag and provide the needed support and
instruction in the development of inquiry skills

lest there be any misunderstanding atthis point.itis
ipportant to realize that the areas mentioned above
.language development, projective and imaginative think-
ing. estimation skills. and inguiry skills  are areas In
which deaf students frequently experience a growth lag

This 1n no way implies thdt all hearing impaired students

have all of these problems or that any are incapable«of
devefoping these skills

. This very important concept leads to a final special

need of deaf students within science education, and that s
their need 1o receive aclive encouragement (o study and
learn more ahout science Negative societal expectations
for the deaf individual and their transfer to negative
- self-itmage and low-level expectations for future occupa-
tional status have played a strong role in the discourage-
ment of scignuific study Sr deaf students
Because of the emghasis on their disability and the
resuling lag 1n language development. deaf students are
usually encouraged to spend time on language study

rather than to develop scientific interests and take science

courses Indicative of this condition s the fact that the

usual array of science courses does not exist in schools

and colleges for the deaf even though. in our increasingly

. technoldgical society. the need for scicnce education is
vital to all students

To counteract these conditions and to develop a

{ >
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greater interest in science amo';g deaf students, a minimal
list of suggestions would mclude the inclusion of more
science examples in other courses and the inclusion of
scienee fiction in reading courses, the provision of more
science courses {oécaf students, the provision of more
trained science teachers within specialized schools and
classcs for the deaf, and an increased awareness of the
science-learning potental of the deaf on the part of
teachers. counselors, parents, dand all other individuals
who contribute to and direct the education of deaf
students s

The development of this interest in science and the
resulting increased knowledge-base in scientific areas are
important not only because they help the deaf individual
10 better function in our society, but also because they
qualify deaf students for future career opportunities in
science-related fields However, in the areas of science
career development. once again due not only to the dis-
ability of hearing.umpairment but also to personal and
societal expectations. the deaf student-has some very
special needs Both research in this area and direct expe-
rience in the development and implementation of a
science career development program for the deaf reveal
specific needs for the deaf student, Five of these major
needs are as follows *

l. Role models of 3 o’ung deaf indiv iduals
currently employed in'science-relared occupa-
ttons.  When deaf youngsters think of a science career,
they u\‘pall,\ think of a male scientist with a Ph D They
say. 4 Very smart'” “Not me'” Theref@re 1n order toreal-
17¢ that there are sCiencg career possibilities for them. deaf
“voungsters need role models who afe young. of both
sexes. and from a vaniety of cultural backgrounds. and
who have had various levels of training Such role models
a1ll serve to improve their self-image and heighten their
self-esteem by enabling them to project themselves. as
voung deaf individuals. into responsible pomxuns in the
world of science careers

5

2 Visuations 1o saence employ ment ites,
Deaf voungsters miss out on a lot of dails. infor-
mal conversation that givey hearing voungsters infor-
matiof about work facilities and what 1t like to
have 4 job For instance deafl students tend to ask
such basic guestions as. “Where do the workers eat™
and. “Where do they keep their coats™ Therefore. 1t 1
especially ymportant to take deaf youngsters on visfts to a
variety of science work sites 1o give them a clearer
understanding of the world of work and of what people
do at their saence-related jobs

Is

3. Anindication of what spedific_science-
related jobs will be availahle  Many geaf young-
sters are aware of recent newsabout la}oﬂs of engineers
and other science,employees. therefore this knpwledge

.
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must be balanced by informatign as to what_specific
scientific Jobs are available and. based on current projec-
tions, what jobs will exist in the future Assistance in this
area 1s particularly important for deaf students since they
often have difficulty in conceptuahzing the future and the
changes that will take place Furthermore. since they
already feel they will have some difficulty getting a job.
the specific availabihty of jobs 1s of pasticular interest to
them . .

4. Awareness of the current accessibility
of science preparation beyond high school.
Deaf students need to know.what science offerings are
available at the speciahizéd schools for the deaf At the
same time. they need to become aware of all recent legisla-
tion that affects handicapped students and eases their
participation yin edycational programs at schools not
especially designed for deaf students They also need
ynformation as to how other deaf student$ have managed
their academic programs (particularly science programs)
in these schools And they need to become aware of the
multitude of on-the-job training opportunities available

with many emplosers in science-reglated areas

5. A realization that science does offer
career opportunities for both women and mi-
The literature does show. especially through
the work of Judy Egelston-Dodd (. 9). that deaf women
face a double handicap wherrapproaching science careers

.In fact. whenasked about going into a science career. a

young deaf female most typically replies that she can’t go
into science because she 1< a woman (not because she 15
deaf) This reaction reflects that fact that it 1s stilt difficuit
today for women and minorities. particularly blacks. to
enter into a scientific career because societal expectauons"
for them are still negatine Therefbre. while we work to
create more positive attitudes toward the science career
potential of the deaf. we must also create more positive
attitudes toward the pblentxal of women and minornities to
fill responsihle positions within scienice eareers

These and other science career development needs of
deal students are presently being addressed by materals
under development at Research for Better Schools, Inc .
under a grant from the Physically Handicapped in
Science Program of the National Science Foundation
The curriculum being developed 1s enmled Is Science a
Possible Career for You” and 1t consists of a teacher-

cou r guide and a captioned filmstrip The matenals

are dd d to pyovide role models, encourage the explo-
ration pf cience content, and provide expectations L
regarding science and possible science career develop-
ment . )

The science caréer opportumtif:s for the deaf are
altost limitless Deaf individbials canand do fill positions
in almost all kinds of science-related occupations How-
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ever. the number of deaf individuals currently employed
in such )obs is still quite small Deaf individuals remain a-
virtually untapped source of talentto fill the multitude of
science-related jobs created bf our increasingly scientifi-
cally and technologically oriented soclety
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17. SOME THOUGHTS ON TEACHING SCIENCE
.TO THE MENTALLY HANDICAPPED
» . SECONDARY STUDENT R .
" by Marilynne Mathias and Robert A. Johnson B
. The authors examine the barriers encountered by mentally handicapped students. . .
The aulhors provide suggestions for dealing with such problem areas as low reading .

level, limited language skills, shorit attention span, and low self-esteem. Among the
available techmques they present are the provision of more precise teaching, the use

of better questioningtechniques, and the adaptation of the instructional program 1o
accommodate individual differences. Marilynne Maihias is Director of Special
Education Services, ' Karns City Area Schools, Karns Cuy,

Pennsylvama, and ¢

Robert A, Johnson s Professor of Science Education in the Department of Elemen-
tary Education, Mansfield State College, Retan Center, Mansfield, Pennsylvama

Mary has an 1Q of 144, reads War and Peace for
recreation, and wants to be a theoretical physicist. George

has an 1Q of 68, looks at the pictures ina comic book. and i

wants to survive untl next week. George 1s mentally
handicapped Prior to the passage of Public Law 94-142,
you would not have had George in your class However,
now, both Mary and George are in your science class, and
both must be taught as much as you can teach them Asa
teacher you must “accept them where they are and take
. each as far as youcan™

In a homogeneously grouped classroom, the prob-
lems are comparatively minimal. Since all the students tn
this situation are near the same intellectual levél, the
tommon practice is to teach all of them the same matenal
in the same way. The few exceptions who do not grasp the
material can be helped individually dunng “seatwork
time” or after class. A teacher can mimmize the effect of
obvious differences by making shght changes. If, for
example, you have a sfudent with poor eyesight, you
move this pupil to a seat near the front. If you have a
student with poor hearing, you move this student closer to
your speaking position.

Adjusting for the mentally handicapped student 1s
not appreciably different from this. Just as you learned
the physical characteristics of your regular students, you
must now learn the characteristics of your new students
and mimmize the effects of their disabilities. Studies have
produced lists of characteristics of the mentally handi-
capped. We would like to examine a few of these char-
acteristics and discuss their implications for teaching

science tathe mainstreamed mentally handicapped student.
]

- .

&

I. MENTALLY HANDICAPPED

. STUDENTS GENERALLY HAVE A'LOW

READING LEVEL

&

That statement isaxiomatic You would expect these
students to be poor readers It s not the fact thatthey do

" not read well that is the difficulty. but rather it is the
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seventy of the problem. Many of the mainstreamed stu-

dents could be classified as functionally illiterate as far as
the normal secondary.science book is concerned. The
mulusyllabic science vocabulary is not part of the life
experience for these students. Even those who could pho-
netically pronounce the words have neither the expe-
rien®e nor the sound vocapulary to read and understand.
The problem 1s often compounded by the abstractness of
the concopt being presented.

It 1s common 1n today’s classroom to have many
students reading two or three years behind grade level.
However, the menyally handicapped student may be six
or seven years bejund in reading ability. Just as you
adjusted your classroom techmques to accommodate the
hearing or vision impaired students, you must now adjust
your teaching to the nonreader.

One sxmple solution might be to secure alternative
reading matenals. Most school lWhyanes have several low-
reading-level, \llustrated hooks on pertinent subject mat-
ter. The simplified vocabulary of these science books
could give the student the working vocabulary necessary
to better understand class discussions. It’s true that these
books may not have the depth and breadth that you




normally require, but they may be sufficient for the needs
of many students. '
Some adjustments for the mentally handicapped stu-
dent will require more of your time and effo®. The poor
reader, for example, could require a teacher-made glos-
sary for each unit. Little understanding is gained when
this mainstreamed student looks in the textbook glossary
and reads that an ohm is “a unit of electrical resistance,”
or worse that “an ohm 1S the resistance of a column of
mercury at 0°C, exactly 106.3 cm long and weighing
14.4521 grams.™ A teacher-made glossary could simply
state that an ohm s “a number that tells how hard itus for
electniaity to go through a wire ™
Compatble laboratory partners, audio tapes, simpli-
fied worksheets. and group discussions also can reducg
the stress and increase learning for the poorrgader
An area thatis pan\cularl,\ stressful for both teacher
and student is evaluation. Many of the mainstreamed
students will have d:fﬁc:&{eadmg the traditional secon-
dary science examination paper If thegvaluation system
is based solely on written examinations, these students
‘will most likely fail Even the matching-type questions
with long lists of words and definitions tax the ability of
these students. Short lists of matching questions or multi-
ple choice questions will give a better indication of the
student’s knowledge of science and not just her or his
ability to read Essay questions or problem-solvingevalu-
“ative devices are also difficult for the slow reader -
Success demonstrated in the daily assignments
enhances the mainstreamed student’s selfconcept Any
increased self-concept, however, can quickly be destroyed
by an “F™ at the end -of the marking period Normal
grading procedures are not appropriate for a student

« already functionmg at the lowest level, Determine what

+

-

{he individual student 1s capable of learning within each unit
and then comfpare her or his learning to that capability
. Ideally, oral examinations on an individual basis
would both eliminate the stress and give a better indica-
tion of studenwunderstanding Since this is not always
practical, perhaps alternatives could be used Informal
discussion with the mainstreamed student could prove
more valuable than wntten examinations as an indicator
of knowledge and understanding, it'is also an excellent
method of determiming arcas of weakness and misconcep-
_tion. Perhaps an additional assignment or science-related
project would be an acceptable substitute for determining
grades In some ms,ta'r'lces. such as tn a description of the
water cycle, a simpl diagram may be more informative
than a written essay for determining how much the stu-
dent understands .
Remember that any time reading or writing is
requited from the mentally handicapped student. that
student will have difficulty. Whether it's note tak‘é. test

7/ taking, reading from the chalkboard, or reading from the

Q
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" text, the subject matter becomes secondary to the struggle

of mastering the language of science

II. MENTALLY HANDICAPPED
STUDENTS HAVE LIMITED LANGUAGE
SKILLS

-

Although the speaking \ocat;ular) may appear to be
sufficient for your classroom, some lahguage situations
are beyond the capability of the mentally handicapped
student Long. invglved verbal directions tend only to
bewilder. lengthy, c&nplex sentences to confuse Writing
directions in numbered steps on the chalkboard might
save a lot of frustration on the part of both the learner and
the teacher. Through discrete yuestioning, make sure that
these #students *understand a particular assignment or
process

Due to imited expernience. both personal and aca-
demic. the mainstreamed students are not hikely tounder.
stand the science vocabulary In a study df pond life, for
example. the regular classroom student can associate
ternts such as producers and consumers with experiences
in other aspects of life This 15 not so with the main-
streamed student The mmeanings of these words must be
explained prior to a discussion of the pond ecosystem
Other words such as algae or protosoa whichare common |
to regular students because of other science classes, televi-
10N programs. or personal experiences are foreign to the
student with poor language skills

- These students. for tHe most part, are experience
poor They do not have a 1afge reservoir chf&perfencfcslo
draw from.for hew concept development Even appar-
ently obvious relationships that exist between science,
concepts and the learners’ environment must be pointed
out Tothesestudents, the concept of a complete circuitin
the classroom does not necessanily apply to a flashlight
used 1n the home The rust un a nail in 4 test tube may
have no relationship to rusty tools in the garkge.

Not only is it necessary to point gutrelationships for
practical applications, but also it is necessary to make
science relevant for the learner if she or he 1s to maintain
interest The boy with a car i1s more likely tolearn about
fricion in the laboratory if he knows he can apply the
principles to mereasing the Life of his automobile in the
parkimg lot -

Relevancy of the matenal will facilitate learning. but
-relé»ancy alone will not overcome language déficiencies
or ensure the learmng of abstract conckpts Concrete
experiences are necessary Students should first learn the
vocabulary. then use this vocabutary indiscussing hands-
on expeniences. Light refraetion and reflectton have much
L] ’ \ P
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more meaning after the student has had an%num() to
“play™ with murrors and lenses The knowledge then
becomes more meaningful if she or he is told how the new
information relates to the glassgs she ur he 1s wearing

v

1Il. MENTALLY HANDICAPPED

~STUDENTS GENERALLY HAVE SHORT

ATTENTION SPANS

Actually. the short attention span 1s more a function
of the curriculum than a function of the student Studies
have shown that. when material is presented at the level of
ability of the handicapped student. the effects of the short
attention span tend to be minimized

Unfortunately. vou cannot teach your class of 30
with the same methods’and matenals required for the
handicapped student There are. however. some adjust-
ments that can be.made Vary your approach to teaching
a particular subject Even your best students get bored
with a constant diet of the same methods During the class
beriod intermix lectures. demonstrations. questioning.
and student ‘activities

Good questioning techniques tend to hold the atten-
tion of gifted and slower students alike We teachers are
often guilty of using poor questioning techmgques at all
levels One of our weaknesses 15 that we allow too httle
time between the question and the expected answer  less
than one second With your best students. this might be
enough With your average and btlow average students.

‘more wait time 15 needed Give the students time to digest

" the question. mull over the unfamiliar words. and decide

upon a response Then call upon the student for an
answer .
- Donotexclude the marnstreamed student from your
questioning bat rather gear the questions to her or his
level of understanding A question such as, “Explain the
role of carbon dioxide.in photosynthesis.” might better be
directed at a more talented student. A question suchr as,
“What 1s one thing needed for plants to make food”" can
be correctly answered by the slower students. thus'
enhancing their self<contepts, and lengthening their
attentiori spans

IV. MENTALLY HANDICAPPED
STUDENTS GENERALLY HAVE LOW
SELF-ESTEEM AND LACK

SELF-CONFIDENCE -

Many of these stidents have experienced repeated
failure in school dae to unreahstic expectations based on
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their physical sizes and chronological ages. while their
mc;ilal ages may be advancing atonly [ 2103 4 therate
of A normal student Even her or his interests tend to be
mpre closely linked to those of students with similar mental
ages. The results of these expectations are that the stu-
gfents see themselves as failures 1n the classroom, become
frustrated easily, and don't try

The science classroom affords the teacher an excel™

. lent opportunity to reverse this trend Many of the handi-

capped students are adept at physical tasks and can excel
at laboratory investigations These students. finally. with-
out reading. can succeed They can getacceptable resuits
They canlearn through the manipulation of materials It's
true that they might not be able to set up an elaborate
experiment to test an hypothesis. but they certainly
¢an both see and interpret the results o! simple experi-
ments

V. MENTALLY HANDICAPPED
STUDENTS MUST DEAL WITH
CONCRETE MATERIALS
RATHER THAN
ABSTRACTIO\’S

Jean Piaget has pointed out :hat children pass
through a series of stages of chgnitive development that
enables them to deal with increasing degrees of abstrac-
tions as they mature The mainstreamed student most
likely will not reach a stage in which she or he can success-
fully think abstractly Therefore. lessons for these stu-
dents mugt not include mental -exercises bevond the
capabihity of cach. but rather deal with observations and
manipulations of concrete materials

Let them work with materials rather than ideas Let
them use batteries. bulbs. and wire to make a complete
circuit rather than expecting them to understand sche-
matic diagrams Let them mix sand and gravelin water to
see delta-type lavering of sediments rather than have them
describe the effects of velocity on particles of different
sizes Let them observe the effects of shading on photo-
synthesis rather than requiring them to construct a graph
that will indicate plant growth under varied light condi-
fions ’

At the end of their school carexss these $tudents may
not exceed the levels of comprehension normally ex-
pected of early middle school students Yours may be the
last (and the first) science class they will ever take It is
not necessary that they learn concepts that will be built
upon m later schoolifig Science for them may be-a matter
of survival or. at the least, an increased awareness of their
environinents
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V1. MENTALLY HANDICAPPED
STUDENTS ARE GENERALLY
. SLOWER IN DEVELOPING
THOSE INTELLECTUAL ABILITIES
NECESSARY FOR
ACADEMIC ACHIEVEMENT

Whether your classioom requires creativity, memory
for visual materials, or conceptual ability, the main-
streamed student 1s, ikely to lag behind those students
with normal intelligence. The regular student may beable
to overcome the effects of a rambling lecture or a poorly
orgamized lesson. This 1s not so with the mentally handi-
capped. -For them, teaching must be well ordered and
precise. *

Concepts must be broken into their component sub-
concepts'and their required skills. put into a hierarchy

Ll
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from simplest to most complex, and then taught in a
step-by-step progression You must be sure that the stu-
dent understands each step before you move on to the
next topic. The student cannot understand complete cir-
cuits if she or he does»not understand the difference
between conductors and insulators. A student canfiot
understand chemical bonding without a working knowl-

#edge of atomic structure. Each step must be learned, in
order, if the student 1s to achieve mastery of the desired
concept. .

Teaching mainstreamed mentally handicapped stu-
dents 1s not easy Good teaching for any student requires
thought and work. It will take time At times 1t will be
frustating The rewards, however, make it worthwhile
You may find that the rewards go far beyond success for
the mainstreamed student. Most likely, with more precise
teaching, better questioning techmques, and adjustments
for individual differences. all of your students will benefit.




18. SOME PSYCHOLOGICAL CONSIDERATIONS.
IN THE EDUCATION OF BLIND STUDENTS

by Elva R. Gough

. A discussion of some of the characteristics of and barriers for blind students.
Piagenian developmenial theory is used 1o demonstrate the need for concrete
operational activities, emphasizing the fact that blind students possess the same
intellectual potentials as do sighted students, although this potennal reaches matur-
iy at a slower rate. Elva R. Gough is Science Educator and Visxoq}peciahst.

Dekalb County School System, Smuthville, Tennessee.
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‘1. INTRODUCTION

- -

" Though much has been written about the psycholog-
ical implications of blindness, we ﬁq\«e hittle real knowl-
edge about the way the blind student learns. The pnmary
route for obtauning information appeats to be vision,yet,
the blind individual gains knowledge and successfully
competes in a sighted world without vision. We also have
no concrele evidence of' the physiological processes
involved 1n learning by the blind. The optical pathways
and the visual cortex of the brainare apparently bypassed
in some manner. But we have no knowledge about the
internal organization of information as it circumvents
these. pathways. The httle we do know about how the
blind individual learns 1s based largely on the observa-
tions of noted authorities and on research methods for
sighted students that have been adapted (sometimes inap-
propnately) for use with blind-students. This survey of the

literature attempts to identify some of the learning prob- *

lems consequent to blindness. The learnigg we are con-
cerned with here is primarilyin the cognitive domain. The
term blind refers to the total absence of vision. «

I. INFORMATION-INRBUT SENSES

* The blind individual receives information by way of
hearing, touch, odor, temperature, and haptics. The hap-
tic route 1s a combination of touch and movement
through which successive impressions are received and
fused,into the whole. (22) A common error in teaching
blind students is the overreliance'on only one information
input sense, hearing. The spoken word in and of itself isan
* abstraction, The word dog is a furry, four-legged animal,
. but cat, cow, and mouse are also furry, four-legged anim-

als, In the Absence of a concrete experience with the thing

7
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th::t 1s dog. there 1s no internal referent for the concept.
hence, the concept becomes abstract in nature.

Concrete experiences in which children mampulate
objects visually or manually are required for the develop-
ment of concepts during the Piagetian concrete opera-
tional period (27, p. 127) Moreover, evenafter the formal
operational stage is attained, everytime we come 1nto,

)

contact with a new concept, we revert to the previous

intellectual stages of development. We turn 1t 1n every
direction to visualize every aspect of it and press all its
buttons to see what happens The sighted city dweller
often learns the concept chick from pictures 1n a book
The blindrstudent never truly knows the concept chick
until he feels the soft warmth of its body, the fluffiness of
its féathers, the peck of its hard bill, and the roughness of
its feet and legs, hears its delightful peeping, and smells s,
“chickness.” Child, adolescent, or adult, the blind individ-
ual must be given the opportunity for concrete experien-
ces so that real meamng can be obtained for as many
concepls as poss;:ble. (5.12, 13, 17)

L. ABILITY

The intellectual abihity of blind students has been
intensely studied. In summary, the research indicates that
when blind subjects are compared with sighted subjects
on various abilities— -

I. There are no differences in final intellectual

development.
2. They do not differ significantly in
a Memory ) - -
b. Numerical ability )
¢. Verbal ability
d. Tactual discrimination
e Spatial ability when blindfolded. -




" ability” We find poorer perform

3. There are no significant’ dxfferences in divergent
thinking. -~
* 4. There are no differences in lgcus of control.

rom other students in
ces by blind students
than sighted students on tasks requiningdexterity, analyt-
ical ability in problem solving, and transition from global
to articulated cognitive styles. On the other hand, blind
students display greater anal)tfa’(ability in perception
than do sighted students. It 1s dlso important to note that
those who became blind early in hfe seem todevelop their
verbal ability and dextenty to a greater degree than do
those who lost their sight later on.

The educational implications of these conclusions
are that

How then do’bhr;d students differ

1 Wecanexpect blind students to eventually attain
the same levels of intellectual development as do
sighted students, convergently and divergently

. Since tactile experience i1s one of the important
information-input senses, a large number of
diverse tactile activities should be provided to
develop dexterity as well as discrimination and
spatial ability to the fullest extent possible

3. Analytical ability in perceptiop should be
enhanced and extepded to lead directly toanalyti-
cal ability in problem solving.

4 Mort concrete activities should be provided to
late-blinded students to help them acquire the
verbal ability and manual dexterity they will need
for commungcation and learning success,

tI

.Harley notes that visually impaired students are charac-

terized by academic retardation that seems related to
underachievement (12, pp 426-427)

IV SOME IMPORTANT DETERRENTS
- TO LEARNING

Blindness has an isolating effect on the individual
due to his or her inability to observe and imitate behavior
patterns and thereby add them to his or her repertoire of
social and other behaviors. (17) These isolating effects
tend to divorce the blind student from the rest of society
and may even lead him or her “into a world of unreality
and fantasy 1n which he may find compensation for his
real or supposed failures.” (17, p. 34) Thesolating effects
of blindness are caused by three factors.

1. Restriction in the number, range, and variety of
concepts.
.a. The sense of touch provides information only

when actively used for this purpose, whereas
vision supplies information constantly during
the waking hours.

2 Restriction 1n mobulity.

a Reduced mobility limits the npmber of oppor-
tupities for new experiences and. at the same
time, increases the amount of dependency

b. Increased dependency leads to frustration
which can be followed by resentrnent.

3 Restriction in the abjhity to exert enuronmental
control -

a' Inability to control one's own environment
leads to insecurity (17, pp. 32-33)

The effects of these restrictions are readily under-

- stood when one considers the question of how a blind
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child learns to walk. Of course, blind individuals do learn
to walk, but this skill is often delayed and sometimes
occurs in the absence of a.gcreeping stage. (7) “The
retarded .intellectual development of some visually im-
paired can be the result of inadequate opportunity to
explore their environment ” (12, p. 426)

. The sighted society itself is considered a major deter-
rent to the development of capable, independent blind
individudls. (2. 3. 5) Social taboos against touching and
societal attstudes that a blind individual is either stupid or
a gemus are among some of the restrictive factors dis-
cussed by Hector Chevigny and Sydell Braverman. (2)
While their discussion of pity and its possible root in fear
1s certainly werth reading, it 1s inappropriate here except
to note that these authers conciude that being pitied
imphes some type of inferiority

Consider thefrustrations produced tvithin the blind
person who s forced to accept a sighted guide to cross the
street or 1s yhouted at because his or her lack of vision s
thought to also cause deafness According to Robert A.
Scott, “The disability of blindness 1s a learned social role.”
(3 p 14) The social-role of the blind persen is learned
throughA—

i. Role playing, beliefs gained about bhind people.

2. Interacting with sighted people

3 Interacting with organizations estaplished to help

the blind. (23, p. 16)

Thomas D. Cutsforth (5) and Louss S..Cholden (3) also
agree that the emotional problems associated with blind-
ness are largely due to social influences from the sighted
population

Probably the greatest educatxon effect of the emo-
tional problems that afise from interfctions with sighted
individuals is the damage done.to the blind individual’s
self-concept and independence. In fact, visually handi-
capped students aged 14 to 20 years have been found to
possess negative self-concepts. (19) Although self-concept

-8]
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and academic achieverggnt are not significantly corre-
lated, we suspect that continual contact with individuals
who imply we are inferior. whether 1t be mentally pr
physically, leads us to question our own ability. Even&
ally, we could even internahze-this attude and actually
behieve we are inferior. With'suctia self-concept, there is
httle motvation for learmng. Consequently, we put forth
only enough effort toward becoming educated to keep
from being hasseled as we go through school. Such a
student must be provided with learning tasks that have
been broken into numerous small steps that will permit
attainment of a long series of successes The attention of
the student must be actively directed toward recognizing
his or her successes and helped to buld a positive self-
concept. As the student progresses, he or she should be
given more and more responsibility for ting individ-
ual learmng and for achtenng goals that are meaningful
to him or her
B Lowenfeld (16)and C J Davis (6) ha\,‘g identified
specific concerns that blind adolescents have. (1) how will
they learn about the opposite sex, (2) what symbol can be
used for independence to replace that of driving a car, (3)
how will they deal with prejudices sighted people have
about blind people. (4) will they pass their handicap to

" their children if they marry. (5) what kind of job can they

g'et to su;}bort themselves, and (6) will they be capable’of
living an'independent hife” Blind adolescents undergo the
same/ph)stologtcal and psychological changes as do

ted adolescents and, like their sighted peers, act out
these conflicts in explosive ways. (3) The blind adolescent
1s NOT capable of dealing with his or her blindness until
first resolving the problems of being an adoiescent In
other words, he or she 1s an adolescent first and, after that

*a blind adolescent. (3. p 595)

+

»
V. ADVENTITIOUS BLINDNESS

Adventitious blindness is the loss of sight atany time
after the age of five years. Those individuals who lose
their sight prior to the age of five have hittle or no visual

_memory and are frequently grouped with congenitally

blind youngsters. *.. . after cancer, biindness is the most
dreaded afflician in our population..  "(20.p. 528)The
following discussion 1s restricted primarily to adolescence
and young adulthood. ’

With adventitious blindness comes a complete reor-

gamzation of the individual. (3) Sensory and motor reor-

gamzation 1s rapidly accomphished after sudden blind-
ness. (5, p. 123) Blindness that occurs gradually 1s more
difficult for the individual to actept, and, 1n this instance,
reorganization,inay require a protracted period of ime.
Three stages occur before rehabilitation can truly begin

-

>

1

shock, depression grief, and anger, which may be concur-
rent with thé depression stage (4)

»

~

- \
VI. BLINDNESS AND P
DEVELOPMENT

GETIAN -

The blind child, like the sighted child, passes through
all the Piagetian stages of intellectual development, from
the sensori-motor stage to the formal stage There is
obviously a variance in the age at which Piaget predicts
each stage will develop and the age of actual attainment of
the various stages, at least by American children. For
example. A E. Lawsonand J.W Renner (15) assessed the
Piagetian de\e]opmental levels of 134 sighted high school
science students using tasks for conservatign of weight
and volume, separat";on of variables, andx-tfumbnum n
balance They found that none ofehe 50 biology students
was fully format operational, only 4 0 percept of thg 51
chemustry students were fully formal operational. and
12 1 percent of the 33 physics students were fully formal
operational Ygt Piaget predicts development of the for-
mal operational stage between the ages of 11 and 15 years
(n .

Where does the bhnd student fit into this picture?
Apparently. the blind child and the sighted child began
life on an equal basis with babbling beginning about six
months of age in both children (11) Around the age of
eight yeffrs, the sighted student and the blind student are
more or less equal on classification and scriation tasks (8)
Leslie C Higgins’ work in Australia on classificztion
performance by blind and sighted children‘lends support
to this conclusion. (14) Apparently, at least some blingd
children begin to lag'behind their sighted peerssoon after
the age of eight, depending on several factorssuch as 1Q.

amount of vision, and experiente with manipylative P

tasks (8) Sull another factor appears to be the place of
residence of the blind student athome ortna residential
school. Blind students hiving at home were not different
from sighted students on tasks of weight conservationina
study by B. Brekke, J.D. Williams, and Perla Tait (1)
Residential blind students lagged behind both these
groups.

B Stephens and K Simpkins found cogmtive lags of
abput four years 1n 75 coageﬁitally blind students’as
compared to 75 sighted students (26) There were three
groups each of sighted and blind students: one group 6to
10 years of age, one 10 to 14 years, and a third group 14 to
18 years Nigkteen Piagetian tasks of reasoning wete
administered 1ndividually to each student The deﬁens
identified in the congenitally bknd students were even
more obvious when mental age and chronological age
were controlled This investigation was fol\we(L by the
successful development of remediation procedures that
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~ 19. - CRITERION-REFERENCED TESTING AND -
.\ PRESCRIPTIVE-INSTRUCTION IN THE SCIENCE |
. ‘ CLASSROOM *

by Hag G, Lang ., .

*

The author finds Public g 94-142 10 be a call for recognition of the usefulness of
) both criterion-refegenced and norm-referenced gvaluation methodsun their most
: & appropriate contexts. Harry G. Lang is Assistant Professor of Physics, National
. . Technical Institute for the Deaf, Rochester Institute of Technology, New York. - .
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One area needing much attention today is the evalua-
uon of student needs (pretesting) and student achieve-
ment (posttesting). For many years educators have sorted
ofit those students who art lingwistically, culturally, phys-

. 1cally, or.qtherwise expenentially different. Placgment of

_ handicapped students 1n special education settings on the
basis of such sorting .procedu_res has resulted 1n a self-
fulfithng prophecy. In effect, we label students as different
and teach-them to live with such a label. In many Cases
evalyation instruments used for such labeling and place-
ment have undetermined relability and vahdity.

Public Law 94-142, the Education for All Handi-

*%apped Children Act, mandates that evaluation of hzrndl-
capped students be multifaceted and nondiscnminatory.
Science teachers need to be segsitive to the linguistic and

L4

expenenu:alﬁg_s of the handicapped learner. When devel-.

oping a tedcher-made test, a scierce instructor should
evaluate whether the stpdent's gaastery of the course
objectives 1s being -fairly assesseglr whether verbally-
loaded test itéms are discriminating against those with
linguistic probléms. The science teacher will have to
decide whether good syntax should be a grading factor
when lab reports indicate that the stude&y has, indeed,
fulfilled the co tand process objeckyves of a laboratory
expeniment. Such decisions are Jargely subjective, yet,
- by-and-large they reflect the teacher’s sensitivity to, and
knowledge of, the special needs of handicapped studgnts.
Over the past decade, a renewed emphasis on
critenon-referenced tests for decision-making purposes 1n
curriculum contexts has produced a vast literature. Many
“testing specialists contend that criterion-reférenced tests
may effectively enhance classroom evaluatidn of stuggnt
learning through the identification of specific strengths
and weaknesses of the students. The criterion-referenced
test has an established confzuence hetween testitergs and
the domain of mnstructionally rele objectives (ffe., the
criterion). These tests purport to measure, as ¢ qonse-
};ence of this congruence, what the student knogvs (and
does not know) with respect to c‘%)urse objectived, unhke
‘ \

norm-referenced tests, which measure m(}mdual differs,
ences 1n relatiog to a group.

A nu'mbel?gl'ed ucators have recognized the potential
of criterion-referenced tests for evaluating handicapped
students Norm-referenced testing procedures have fre-
quently been found inadequate for the evaluation of

handicapped students, even »yhen’épecial norms are -

established for these subgroups : ]
Criterion-referenced tests used effectively in the
,classroom may destroy the notion created through many -
years of normative-basegd measurement that for success or,
achievement to mean something, there must be available
a reference group of nonattainers. If criterion skills are
important, then educators should be concerned 'wit_h
whether or not each student has atained them, not with -
how many of the skills are attained in comparison to
peers. Emphasis on this kind of test interpretation may
" Jead to a new competitive ethic 1n the classroom, focusing
on the achievement of each child through 10tra- rather

_ than interindividual differences. .

The mandated use of Individualized Education Pro-
grams (IEPs) by PL94-142 has provided further rationale
to explore the possible benefits of crterion-referenced
measurement. FEPs must includé both broad educational
goals and short-term instructional objectivesefor each
class in which the handicapped student is enrolled™
Instruction must be prescribed onthe basis of the indivtd-
ual learming needs of each handicapped student This
implies evaluatjon of instructional outcomes in terms of

goal attainmenftather_than relative standing in some -

group, 348 ishighly compatible with the characterisures of
criterion-referenced assessment. :
Individualized Education Progfams'could very well
bridge the gap between theory and practice IEPs might
also show that measurement ahd evaluation can be inte-
gral components of an adaptive instructional system The
diagnosis of individual needs through criterion-refer-
enced pretesting, the prescriptian of instruction on the
basis,of thi@,xal,u'ation,and the determination of support
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services necessaryso overcome learning obstacles created
by sensory, orthopedic, or mental lmpaxrmentcould con-
tribute to the delivery services necessary for an approp-
riate education.

* Criterion-referenced testing promuses more utility
for the scignce teacher who must identify specific learning
needs. For those who use standard science curniculum
matenals, for example, or who have developed their own
objectives-based 1nstructional systems. criterion-refer-
enced tests can assist in the diagnostic assessment of
individual needs for prescriptive instruction purposes,
progress momutoring, formative evaluation, or end-of-
unit and end-of-term evaluation of mastery

As the numiber of handicapped students main-
streamed Mto regular school programs increases. the
development of criterion-referenced evaluation instru-
ments should prove to be an asset in accommodatmg
instructional pracuce to both handicapped and non-
handlcapped children

As M Sapon Shevin has pointed fout. all chnldrén
need appropriate educational planning. and to 1mph In
any way that these-are reyuirements only-for handicapped
students “1s to perpetuate a senseless dlst%ctxon m this

; case at the expense of thoe studem*assngned to ‘megular’

educatlon (23.p 120)
v
CRITERION-REFERENCED TESTING IN
THE SCIENCE CLASSROOM
v - & s

. / N
When evaluating the performance of students in the
science classroom. criterion-referenced measurement has
distind® advantages Although little research has been
done on criterion-referenced measurement 1n science cur-
riculums for handicapped students, a number of contem-
porary seience curriculums in regular school settings are
utiizing critenion-referenced tests. W Torop, for exam-
plesdescribed the Individual kgarning Systemin Chemis-
try (ILS Chem) (26) Pnimary. remedial. apnd ennichment
matenials include audio and visual tapes, films, confer-
ences. text readings, and field experiences. Forty-two
tutorial simulation modules are designed to supplement
‘the individualized instruction Criterion- referenced diag-
_nostic tests are used to assigri learning experiences appro-
priate for each student on the basis of performance on the
tests Comparable exams consisting of randomly selected.
crite eferenced test items are generated from a com-
k of over 2000 quesjions. s
C.D ®znubanand W.K. Esler described Sciencé ™ A
Progkss Approach (SAPA), a widely used science curricu-
lum, as the most complete and extensnely tested example
of the use ofcntenon -referenced evaluatjgn procedures in
scignce. (5) R.R. Ludeman was involvdd in developing
and comparing tests of scnenci processes. His study util-

.
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ized four subtests of the SAPA Indidual Culeelem)
Measures, the Science Research Associates (SRA) test,
and his own criterion-referenced test, The Science Pro-
‘cesses Test. (12) It was concluded from Ludeman’s study~ ’
that the criterion-referenced method of testdevelopment
1s an appropriate approach to test construction, the crite-
ria for “appropriateness "gpparently being his method of
item selection and the high correlatigns with the SAPA
and SRA tests. )
" WM Gray applied both the criterion-referenced
measurement theory and the developmental theory of
Piaget to the assessment of human mental functioning.
He writes that although the ongm‘s of the two theones are
ften regarded as mutually exclusive, they are, in fact,
highly um.parable in naturg (& From an ex post facto
analysis of Biological Scnce Curnculum wotudy test
data. Gray has developed a framework for constructing
science tests for criterion-referenced and Piagetian inter-
pretatnorfs.x"' This included an mteresting approach to
the examination of 1tem difficulty from the perspectn_e(of
developmentgl psychology -

Buth «.n&enen—fcferemeé memufemem ‘md Piage-
tian theory share the general purpose of diagnosing
behauor' Gray, writes

LR . .
CRM holds the promise of alievfating some of theundesir-

;{lc practiges of present-day tesing. Pragetian theory delineates
an approdch to assessing and theornizing about mental processes
that offers a gamble alternative to the behavioristic approach
eurrently in ¢ Every instructional or assgssment situation
involves .the action of the <tudent with some part of his
.world If an ssrpent instrument does not take into account

the way the studentreasons about his world. 1ts highly doubtful
- that it can produce an adequate assessment of 2 peﬁon s com-
Piaget’s develop-
mental levels provide a very effective means of determuning just
how a child conceptualizes and interagts with s ‘world, and
would appear to providg a ps»ehulugxc&?’ba;n fur CRM thgts
consistent with the precepts of that svstem (K>} b 245

.
-

%DIVIDLALIZED EDLCATIO\AL
PCANNING

The evaluation of the achievement of handicapped
students in mainstream scteengs has mot yet been ade-
yuately investigated The present thrust, in accordance
with PL 94-142, 1s toward the use of Individuahized Edu-
cation Programs 1EPs require teachers to write objec-
ti¥es for every handicapped student in each instructional
arca The lack of adequate details un evaluation pr‘{)cc-
durds caused chaotic condiyoms during the first year that
PL. 94-142 was in effect, disillusioning many teachers,
counselors, and resource personnel

The law mandatesthatregular classroum teachers be
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a part of each student’s evaluation team One clear m(eg-
pretation of the law 15 that the evaluation processisnot to
be regarded in 1solation {rom the education program
The use of a well-defined domain of objectives may
enable a science teacher to evaluate each student. whether
handrcapped or not, more efficiently for prescriptive
]nsg;ucuon purposes Criterion-referenced instruction
may reduce the ambiguity regarding what kind of objec-
tives should go into an IEP, A teacher should have little
problem in finding guidelines for developing specific
ObJCC'(l\CS for any science class (See, for example. Refer-
17.and 19y
Establishing passingscores for the tests will help
counselors and resource personnel realize the expecta-
tions that 4 teacher has for all students Teachers w orking
closely with resource personnel may help the handi-
cappedslearner with mdmdua'hzed tutoning. if necessary.
to Mcrease learning and her his prospects for successful
performance on the cniterion-referenced test
. The experiential deprivation of handicapped chil-
dren veryoften results in lags that may be ameliorated
through individualized instruction When the handi-
capped student’s special needs are identified. reinforce-
ment may be provided Defining objectives for a science
class will*proside direction to such reinforcement
According to W Huively. although norm-refeggnced
testing s excellent for the purposes of selectifig young
people for employment or predicting future (relative)
success in higher education. it 1s useless for the purpose of
keeping “track of day-to-day progress and to study the
conditions that facilitate or inhibit 1t " (10, p ¥)
A criterion+referenced. dxdgnomc\Rre‘test may effec-
thveh indicate where alorlg a-continuum dof structured or
~ hierarchical science content an individual 1s performing
and where further reinforcement via nstruction and
tutforing is necessary Pretesting may also bc. helpful in
evaluating gains in knowledge aw various checkpoints
* throughout the course hy compann@retest performance
with end-of-unit and end-of-course proficiency tests
Criterion-referenced science tests administered at the
enddof instructional units may assist the teacher and ther
resource person in evaluaungthe appropriateness of both
the IEP and the prescribedstrategies and matenals “When
a student does not accomplish® certain objectivey as
planned, the teacher and or the resource person might be
able o 1dentify mstrUchonal materials or strategies that
are not working well The SUpport services may not4be
adequate. The child nay be having adjustment problems
of a personal or social nature Any number of reasons
fay contribute to unsatisfactory progress in the science

+ class Formative gvaluationincludes teacher tutorobger-

vations and other method$'of mopitorning student

gress A multifaceted evaluation approach may enhante
the'accuracy of the decisions to revise the IEP Criterion-
referenced. end-df-unit mastery tests may provide a foun-

[ tudes

dation for such multifaceted ®aluation in terms of
assessing achievement Low scoresontests used for form-
ative evaluation may be effecuve identufiers for further
prescriptive action

An adaptive educational environmentcan efﬁucml)
use criterion-referenced testing to assess generalizable
behaviors that are reasonably teachable But criterion-
referenced tests might not be more useful than norm-
referenced tests uf certain conditions are not met J
Rosner believes that the emvironment should attempt to
modify students' aptitudes to enable them tu benefit from
the standard courses of instruction and or alternative
instructional activities that best accommodate a spectrum
of individual needs (22 If these conditions are not
approximated. criterion-referenced dxagnuxm pretesting
could have little use In hoth instances déscribed above.
the aim 15 to _optimize classroom performance for cach
student by providing circumstances suggested by (hg\/
results of diagnostic testing (6) This theory may applhy
welltothe individualized educational planning delincated
in PL 94-142 ) :

PL 94-142 1. ineffect. acall To further cognizance of,
the potential applicationy of the groundwork laid by R
Glaser J Rasner. JS Bruner R E Snow. and their
colleagues to enhance the learning of all students g a
call for recognition of the usefuiness of both criterion-
referenced and norm-referenced evaluation methods in
their most appropriate contexts PL 94-1421s a mandate
to provide appropriate educational opportunities to all

handicdgped students. something that has long been
denied th Inthis sense. the law 15 an attempt to merge
theory and practice in restructuring the educational
system
o
~ Iy
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Fawarnnm Edoed by W Hoveny and MO _RevmBlids 1 Reston
Voo Counce for Bacepr ormal Cnadrern pyTe

20 Nanon-Sto.r MO Aroonor 1ok at Mainstreaming

Foeoptior e o N v grd g Narare s Dutterence T Pl
[oeory Ry ran B e g 121 197
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{ Frone i Toonn Report 22 Aplitude
ot oSstartosd Can b Seroe o Education Stan-
ard boro el 4T .
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Ird widus D ttoronces and Instrue-
tional Theor. ™ Educational Researcher 60191 11-158 1977
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NEA Resolution adopted by the NEA Representative Assembly .
755 ; :
B-25. Education for All Handicapped Children ‘ N l
The Nationa: .Edﬁc non Assoc.alon Suppirs 3 free dp_:;:;:r.e‘a L.t . et ':91 rand.cApned ’

S'uden?S n A jeast resinoiive envircnmen’ '-'v':":CT. s de'e'm.'.ed Cy max, T .m'easrer rvl verert :"":C'h"l“-‘i" - - - s

the Associahon recognizes tha' 's ump.emen’ Pubu

T

- -~

a The ed.Cahcra. envircnmen' «Sing arp = < VS SR
personne. services Mus mACh 'he .earn.ng needs ipornrnenard.cacpetardaner Lo natad o2 el

studen: .

b Reguiar and specia, d .Cai0n '2ATNETS Dy PETSITr e, Blel’ 337 T IR 24t raren's v .giinare
‘R DIANRING 4nd MMpiemening Lrograms (or e nand.caniel . - )
o Al staft must be adequa‘ely prepared 167 their roes it Lgn v oeTV.nE ArT S @
d The agpropnateness of edunansra, methods matene.s ard Supfgr vesewv T¢I Lt LedeteT.nen
o« A cooperaton with clagsroom. ‘eachers M
e The classroom ‘dfcher's, must have arn appes. preced.re "egatd g -t JTEp.erertator L e r o
“, wnidushzed education progrem especially in terms ©! ¢tudent p.acemer ¥
t  Modifications must be made in class size using 8 we.gn’ed brrr a3 SCRedo.rg AY3 CLTT. W7
*  design to acccmmodate the demands <f each individ La.zed ed _zansn programr .
g There must be a systematic eyaluanen and reporing of prigramr gevelspHier's .sng 4 g.ar ‘hat
recognizes individueal differences .
- h Adequate funding must be provided and ‘her used exc.usive.w lor F‘a:d.:gppe:! g uaens .
. The classroom leacher's, beth regular and special edUcatcn mos' haveamacr ™ e determnrg ,
® indindual education programs L
1 * Adeguate released time or tunded addiliona; ime m st be made avalarp.e ior ‘eacners s2 *ha' ‘rey -,
. can carry out the increased demands placed upon them by P 94-142 o
k¥ Staff must not be reduced :
. Addimonal benefits negotated for handicapped stugents 'hro gk loca, oo.eCt Ve Largan.ng agres ’
x ments rhust be honored - . ’
. m Communications must be mamntaimed among ail invoived paries B ‘
, n Al teachers must be accorded by law the nght cf dissent concéming each ind.vid.alized ed ucatior ’
program, including the nght to have the dissenting optnicn recordea
‘. < o Individualized educaton programs should not Be tsed as cntena ior the evajuatcn cf teachers ™
p , Teachers as mandated by law must be -appointed to state advisory bodies on specia: education
q Teachers must be gllowed to take part mn the US Oflice of Special Educaton and Rehabihitative .
_Services on-gyfe visils to states Teachers should be jnvited to these meetings
r Incentives lofteacher participation in in-service dctiviies should as mendated by iaw bemadeavail- ¢ v,
able for teachers ' " . : ) * ‘
. s Lodal associations must be invdlved in.monignng school systems camphance with PL 94-142 g
t Student placement must be based on mdwzcaal needs rather than space availabdity 78 80 a
.
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