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THE CURRENT DEBATE OVER THE READING SKILLS NECESSARY FOR
SCIENCE LEARNING IS DISCUSSED. IN THE PAST, THE TEACHING OF
READING WAS BASED ON THESE TWO MAJOR CONSIDERATIONS--THE
RECOGNITION OF MEANINGS OF INDIVIDUAL WORDS AND THE
ORGANIZATION OF THE WORD STIMULI RECEIVED FROM THE FRINTED
PAGE INTO MEANINGFUL FATTERNS. THE RESURGENCE OF THE
INVESTIGATION OF THE THEORY AND FRINCIFLES OF LEARNING IS
CHARACTERIZED. SOME CURRENT FROBLEMS ARE THAT RESEARCH IN
PERCEPTION RELATING TO READING HAS NOT DEALT ADEQUATELY WITH
THE INFORMATION EXFLOSION, WITH THE POPULATION SIZE AND TYFE,
OR WITH PROBLEMS ARISING FROM MODERN COMMUNICATION. CURRENT
ASSUMPTIONS FOR TEACHING ARISING FROM FRIOR RESEARCH ARE
PRESENTED. FREDICTIONS CONCERNING THE ROLE OF THE BOOK AND OF
ELECTRONICS TECHNOLOGY AND SUGGESTIONS FOR RESEARCH AND STUDY
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Introduction

The tepic of chis paper, "Teaching the Essential Reading Skills

in Science,” 18 cuxrently subject to ruch debate. That debate arises
~ from progresa that has takeu place eince World War II. One quarter

century ago no one would have disputed the morits of teaching the essen=
tial reading skills in science, nor would there have been much argumont
concerninzg the premises on which the teaching might have been based.
Ia geasral, it was aegreed that rvoading veprosented the communication
of 1dcas frou the printed page via the processing of fnformtion through
the visual wechaniem and the tranaformatfon of that information into

neaningful undorstandings, This goneral principle vas translated into
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ﬁ pumber of subenrincinles and skills, 2ll of wvhich served as general
objectiven of ihc teaching of reading. S»acialista in the conteat
fields amlied these generni objectives to their fields and the litera-
ture contained many renorts desceribing effective ways for tenching read-
“ing in the content areas. These way: were founded on the arcumstion

that there vere tyn major consfderations {n the teaching ~f reading:

1. The recognition of the meaninga of fndfividunl wnrde: ' }

Summort for this nseumtfon fs evident fn the |
nunerous genavral vocabulary studies sublished by
Thorndike, Yornm, Buckingham<Dolch, and thelr cole

leagues. The literature in science teaching con-

tained numerous rxenorts of research concerning science’
vocabulary and other ~voblems related to reading sci-
ence miaterfals. Practically all of the earlier major

studies vere summarized in the milestone re-~orvt of

e s :

Curtis! 1a 1938 in which the findings of mere than

100 studies of science vocabulavy were synthesized.

T

Although this study nroved to be the high-v:ater mark
of vocabulary studies {n seience, nevertheless, it
nroved to be the basir for miny other minar studies,

most of vhich have since been forgotten.

lCurtts, Francis D., Inveztigations of Vecabhulavy fn Textbanks
of Sclcence for Secondavy Schacls., Boston: Ginn and Com~any, 1938
M. viid 4+ 127,
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2. The organizatfon of the word "stimuli” recefved from
the nrinted nsge into meaninzful natterns:

It has been generally accented that veading is
a nercentual task, Hence, many of the tvaditional
views concerning the teaching of the essentinl read~
fng skills have been closely allied with Cestalt
findings. The influcnce of Cestalt theorists is cvi-
denced by tha studies:involviﬁg reading difffculty of
Flesch, Dale~Chall, and Lorge. Their studies emsha-
eized the structure of the materials to be read rather
than the characteristics of the individual words,

In the vast decade, however, a aumber of findings have cast doubt
on tradittonal reading inetruction and have suggested that reading
tngtruction way change greatly from that of the nresent time. Some of
those findings seenm related only indirectly to reading instruction but

their {nfluence is evident {f they are studied carefully.

Percention and Reading

.
b

Recently, there has been a great resurgence in the investigation
" of the theory and sarincinles of learning. Many of tho earlier {dens
about iearning behavior that caorged from the behavioriats and the
Cestaltists have been questioned, Much of the questioning has come
from reading snecialints. One reason for the concern is that it hne
not been pnasible to arnly the findings of nercestual research to the

teaching of reading, either in ters of general reading ability or
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reading in the content :ialds. This secms strange, indced, Lf reade

ing is a perceptusl task. HNowever, an examination of many of these

studies concerning readi'ns'and perception indicate that the desigos
may have been faulty. In general, they have dealt with one factor of
perceptio’n and 1ts relationship to the teaching of reading, and have
| fndicated that there is little relationship betucen this factor and
Ageading succesg, Nevertheless, positive relationships might exist : | 4
because perception i3 an extremely complicated process mvolvi;ns L |
many different factors and the distillation of one factor from the
total reala of perception could destroy the eignificance of that
factoi. Thus, the 14mited range of perceptual phenomena tested may )
have been responsiblo f£or the epparsnt lack of xelationship. It is
well keown aio:o that findings of many pervceptual studies suggest

that learning $auvolves wholes rather than parts of situations. Houw

ever, these studies have generally involved adults. Yet, some of the

e e A A ———

more recent studies with children indicate that frequently they learn

by parts rather than by vholes. Thus, the general applicability of

ST s

findings from adult-centered studfes may be scemsvhat doubtful.

Many of the studics involviug perception have dealt with the
organization of objzcts into patterns. Yet, the teaching of rcading,
in which the findings of these studies have been applied, has been
based on the word, phrase, sentence, or story methods, celdon oen the
use of objects, There fs little evidence to indfcate that an individual
can mentally reconstruct vords, phrases, scnteuces, and stories into

analogous objcets which, in turn, can be reconstructed into patterns.
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The syzbol for ar cbject, as found in reading uate_rial. may not be
recoustructable iuto the vholes into which the objects themselves
can be reconstructed. '

Mcluhan's work, which has affected ﬁclevuion advertising greatly,
has indicated that many of the ideas conceraing perception are nmot
tenable, at least over television. It has been asoumed traditionally
that 2 carofully-organimd s didactic preae.\tntion of material would
develop appropriate patterns of ‘{deas 4n the individual, thus exertd ing
the desired influences on him. It has been found, however, that the -
{ndividunl doas not nacessarily develop the expected patterns, The
factér of identification in mauy casea has more influence than the
logical presentation of parts on idea davelopuent,

1t may be, therefore, that the studles of perception themselves
have been so atonistic as to destroy the posaibdilities of understanding
the true role of perception. |

| The Information Explosion and Bducational
Comrmnication

A mjor‘:problem that besets educational communication, particularly
in the sclences, i3 the knowledge explosion. Prior to 1940 it wvas
beliceved that knowledge wa@ doubling in volume evary 50 years. If true,
the volumd of knowledge accusulated between the dawm of history and
1940 would be replicoted in voluma by 1990. HNewever, the assumption

proved to be incorrect, The developmunt of cdmputcrs in the niddle of

the 20th Century froed the ascientist and rescarcher from leﬁgthy perfods
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of analyzing data. Prior to that development the collection of data
night hava occupicd 10 percent of the vesearcher's time, and the analye
sis of the data ..' 90 petcentf or more, Iwwever, wvith the development
of the solid sﬁata computer, the analysis of data £requen§iy tekes
lese time thah collection, Thus, findinge on vhich future knowledga
can be eought and revealed are fmmediately available to the sclentist
and researcher. Thus, by 1950 it was estimated that knowledge was
doudbling in volume every 10 years. In the early 1960's, withe the now
genarations of comput;.ers. the rate of Qccumlation of knovledge had
accelerated to doubling every seven. With the third geueration of come
pt;tera nov appéarins. by 1970 scientific knouledge nay be doubling
every five years, Thus, the rass of information that appoars 6n1y
serves to complicate further the reading process. |
The Population Exp!o&ion and Lducational
Cormunication

If you read at a rate of about 153 words per minute by the time
you finich this sentence the earth's population will have increased
by about 23, Ons hour from now 4t vill have increased cnough: to popu~
late a eity of about 8,000, One year from -nw the incrcase would popu=
late a nation the size of the United Kingdom and Sweden combined =
countries with a total population of about 62,500,000 people. Recent,
extensive investigations by WIZSCO of thae npctuma! habits of Homo
g,gggg_n_g_ suggest that the population increment is likely to increase

in the years shead. Many educational problems, partiecularly those
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fnvolved with the teaching of reading, ariee from the characteristics
of tha population, as ﬁell as froa its size, “

Nearly 50 peveent of the vorld's population is below the age of
25. Altopether, mora than 80 million parcons in the United Statcs
‘ave fo sonma type of organiéed educational progran supported by local,
ststa, or"fedarat“fungs. or by private sources. ' Thua, education, at
least in terms of student involvement, s an ¢normous busfwess. It
is cxpected that cove than sljtrillion'dollars will be spent on cducae
tion in the United States froﬁ all gources before the end of the next
decade., This 13 bazed on the assumption that 15 to 20 percent of the
national fncome will be funneled $nto cducational programs of varfous
types. Currently in the United States, n2arly &40 percent of publié
tionies, other than for defense, arae spent on goue form of education.
This has ted to the development of new combines among publishers, com
puﬁer nmanufacturers, and the electrenic: industry to exploit the poten=
tial mavket. Some of these combings are International Business Machines
.Corporatioﬁ &nd Science Rescarch Associatesj Raytheon and D.C. Heath
Company; and the Silver Burdett cémpany. Time, Inc,, and the General

Blectric Ccﬁpany. Decauge of tha information and population explosions

and tho continued growth of education, there s every veason to expect
that the mothods of education, parti;ularly thess in the ecicnces, vill
change and will-be supplemented with media other than the textbook and
traditional materials. This spawns a number of important problems.

An investigation of the literature of science education dndicates deercas-

ing fnterest in the research in reading related to scionce education,
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and more aad more rezearch on the use ;)f. outefde objects, kits, and
othor multimedia for éd;acatton. Mo dbub:. this trend will continue,
particularly with the sophisticated advortising and sales agencles in
the newly-formed combines, Thus, there uceds to be a complete review
as to vhat constitutes thﬁ essential basic ekills of reading in sci-

‘encein the years ahead-and. the most effectiva uays of teaching thea.

This, perhaps, can be done only by surveying the role of techndlogy

and cducation in the ycavrs ahead.
Telavision and Vocabulary Lead

The studics undertaken many year§ ago concerning the optinal
nunber of sclentific terms that & student could learn at any grade
levél are so cutdated as to be useless. The Impact of modern commrunis~
‘cation media, particularly television, now provides an entirely new
environment inm which youngsters are stimulated by vocabulary and, in
turn, against vhich they learn this now vecabulary., Television viewe
_ing, which has become comnon, provides greac xréinforcement for the
presentation of words. Thus, students currently in the early elemen-
Lary ochooltmight leara scientific vocabulary far pore readily than
etudonts at the seventh-grade level fometiy did. One only has to
talk with elementary-school childrea and exanine the kinda of books
they read to ascertain quickly that .their convrehension of vocabulary
i9 lfar beyord that of thelr parents at a aMlu etage. Hovever, many
of the voecabulary terms with which they now b;:com faniliar are not
those found in the learning materials ordinarily used in the school.

There 18, of course, some overlap but sany of the terus found in the




Geoxge G. Mallinson
9

traditional teaching materials are not presentcdlin the same stimulae~
ting envirvonmant a2 scientific terms presentad through moderm communica-
tion media, 'rhe' teacher wfy frequontly be found -in the embarrassing
poait;on of tecaching terms, many of which are easicr than those that
apﬁaar on televislon, in an environment considerably less conducive to
learning,
Yechnologzy and Education .
_ fn the Next 100 Years
No one {a his right mind would attempt to predict specificauy.
what §s likely to happen in the technology of education during the
next 100 years. However, by raeviewing the last 100 and extrapolating,
with dﬁe consideration for an acceleration of developmeunts, some ideas
may be postulated. The postulates are based on these assumpticns:
1. Thave will continue to be a shortage of qualified
teachers to man the massive cdlucationmal effort that
lics ahead. Even if the anticipated supply weré to
expand greatly, one may cxpect that teachers will
spond more time in updating their backgrounds and
somevhat less in teaching. Also, the information
explosion will require more teachers for sclence at
the post~high=school and poét-baccni_a;feam levels,
2. In order to disseminate the ever-accurmlating mass
of knosledge, now methods will be nec;dcd to comple=

ment the teacher offort in accelevating its

dicsemination.
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3. Ths role of education will incrcasingly change from
teaching perabnn to store 1§£ormtion'in, and retrieve
ing it from, theiy heads to that of acquiring new
information. This mzans aew divections for teaching

metheds of foguiry,

The Role of the Book

As has been stated, “We would not think of advising friends to
use new d:.;uga 83 um:git:icnlly’ as wa often recomnend new learning
devices." But, there is 1ittle doubt that the reconmendations will
continue, perhaps at an accelerated rate. Some devices will be usee
ful and some will noty But, in all of these developments the book
will continue to be an important teaching aid. However, the xole and
format of the basie textbock will change radically in the years to
come. Some of tho changes are likely to be these: | 1

1. Textbooks in tha natural sciences will increasingly

de=ersphasize the didactic presentation of informa-

tion aand will present more information in terms of
problem and inquiry appreaches. They vill become
more like texutbooks of mathematfes., Although many
publichors have paid 1ip service to these approaches,
therc {3 little evidence yct of anccomplishment. In
general, the activities rolated to inquity are found
in the ancillary natesials. One ‘ms' expect that the

textboolis of the future wiii contain mainly founda=

tional problems and the ancillaxy materials will
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contain prnbiem~solﬁ£ng situations related clesely
to tha ucpdcnt'a everyday éxperiences. The iatter
vill pfovida for éulcurnl, geographical, and other
differenzes. amng the students, |

2. Modern printing developments will make Lt possible
to incroase greatly the numbers and types of 1lluse
trations fun textbooks. This will mean more four=
célor 111ustrations and the possible use of three=
dinensioval photography. Many of the problems in
the textbooks will be focused on the analysis of
these photographs.

3. There uill be greeter ietegraticn betveen cfze ancil-
lary matexials and the textbooks. Students will beo
expected to mova from the textbook to filmloops and
to othex types of hardvare, fncluding sclence kits,
and then dack to the textbooks. 4 slugle problem

. davelving the use of ancillary materials will occupy

far more than the usuval elass peried, or even o day.

The Role of Electronies Technolony

Thc greatest chauge in sources of information input in the sci-
ences will be in poriodicals and sez;ial literaturs to vwhich the stue-
dent is directed. 'riwee ave the "mousters" that are placing over-
vhelning burdens on shelving and cataloging c;apnbilitiea in libraries.

They will be replaced by vast electronlc banks of information in vhich |
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this literature will be storved and to which students will divect ques=
tions. Buch library systems will encompass thesc elements:

1. The purchase of subscriptions for pcrtodical and

serial literature in the fora of a computer input

dovice.

2. Tha otorage of the "subscriptions” dutoto ina

- ferro-magnetic, or other domain, in a computer in
- & form eultable for extremély rapid cxanmination,
manipulation, and printout,
3. The availability of some typs of index or biblice

graphy vhich a student can scan to determine vhich

elements of the periodical or serial literature
m} be useful,

4. The fscuasce to a student, on receipt of a proper
code nunber on one hand or a request based on ]
diverse, custom, or subjeet specification on the

other, a reproduced copy, or coples, of the perfodie

cal literatuxe that he may keep.

The environments fn which students gain information will de

e R

- decentralized. Libraries may no longer bo used for study, since the
output mechanicns for the electronic banks can be placed in residence
halls and homes. Much of the output may be on a television monitor

vathexr than in the form of a priantout.

e AR AL A R O o s
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Soxe Suggastions

-

In the previous discussions the writer has attcmpted to list
some of the major cultural pressures that affect vocabulary and hence

the teaching of reading, and also to make scme predictions as to vhat

msy happen in the future with respect to learuing materlals. However, .

he has studicusly avoided making any specific recoi:mandations as to
how to teach basic veading skills in sclence. To him the reason is
cbvious. Except for reviewing tecmndatiom made ia earlier reports,
all of vhich would be redundant to these reading this report, he could
do little. He fimly believes that extensive rescarch must be unders
tiken to ascsrtain wvhat needs to be done iun & medern esvironment to
tea.ch basic reading ckills of science bofore suggastions for implemens
tatfon can be made. This may be counstrued as an evasion but it scems
to be the only outlet. Thus, the folloving sugpestions for research
and study a;rc rsdat
1. The extenaive vocabulsry studies in science under=

tokon by Curtis end Mallinson and their colleagucs

are hopelossly cutdated. Although thay may havo

been salutary and useful during the period whon

printed materials represented the primary learning

soufces, they axe no longer ciguificant contribu~

tions in view of the modern dwiées vhich are availa=

ble for teaching science. Thus, it fa suggested

that a series of roscarch studies be undertaken to

A
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 ascertaln the type of vocabulary youngsters use as
i result of the total environmental fmpact upon
them, - ‘ .
Studies nced to be undertakea to determine how
well youngsters can xead termw and concepts with
which they have beon stimulated over different types
. of mltincdla, including television and filnloops,

o8 vell as other devices, It is ohvicus that these

noyw multimodia offar cntirely new patterns of pere

¢optual sticali which have not yet been investigated

in this context.

Studies need to be undertaken to determine how
faniliarity vith uaing these ceientific torms in
conversation and in being stimslated by them through

the nev multinadia 18 sccompanied with understanding.

The £irndings of the older studies in which word recog-

nition vas considered tantawount to understanding are

- po longer tenable.
studles need to be undertaken to determine the ways
tn vhich nodern graphic axts techhiques can be fncor
porated iato books and other printed materials so as
to present science ¥cadings in & quasi-visual environe
ment rathex than te&onstrances in print. uttblo hag
been done to deteraine how tec!mi.ﬁuos suwch as three=

dincasional printing may be used moxe effectively so
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as to complemgnt verbal concepts. Toxthooks, unfore
tunately, sttll rely on outdated f.oma.!:s‘ rather than
making use of those that appear 1le nodern media such
as Life, Tima, and Fortune., The picture essay teche
niqua has hardly been explored for _:)rovi.dini; a botter
visual eaviromaent fn which to develop scionce

concepts.

Studies should be undertaken to review critically

the litexrature involved with the teaching of the

blind and making uce of stimull other than visual to
dovelop science understandings, Cenexally, as indi-
cated {n the earlier part of thls paper, reading vas

esseatially visual corrwnicstion through the redium

of print. HNowever, many techniques fnvolving tactual
end auditory stimulations wy ba cobined with those
fron other sources to teach reading, Little has deen

dona to cuplore this broader concept of perception.
Summary

in brief, this paper has said little about "hovw to do it," Sheuld

any of the recaders be interested 'f.u ways for toaching the essential
reading skills of two decades ago effectively through science materiala,
thcy may bo found by readiug several sources zlready mentioned. Howe
ever, it scems that entircly necw divections of research ara necded 4f

vecormzndations for techniques are not to ba dinosaurian,




