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READING, UNDERSTANDING, REMEMBERING AND USING INFORMATION

IN WRITTEN SCIENCE MATERIALS

-INTRDQUCTION

Comprehension, understanding what is said, shown or written,
should be a major concern of science educators. Generally reading
and reading comprehension have been neglected by science educators
for nearly 30 years. The post-Sputnik era of science education
de-emphasized reading about science in favor of doing scienca..
Hands—-on, concrete, student-centered science experience is a
Justifiable position for teaching and learning science, but one
held by a&a small minority of teachers and practiced by an even
smaller percentag®2. Even during the new science heydays of the
late 19260s and early 1970s, only a small percentage of teachers
utilized concrete experiences. Traditional science textbooks
still domineted the market. Weidler (1984) indicated the degree
of neglect when she stated "articles concerning research and
theory in the combined area of reading and science are
surprisingly scanty in number" (p. S4).

FPublic demands for more rigorous science curricula, more
concentrated science textbooks, CAIl software requiring language
skills, education spending restraint, lack of properly educated
science teachers and. large class sizes will likely increase the
use of print material and related reading skills as the prime
method of science instruction. This likelihood dictates that

science educators need to research reading—science issues to
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develop theories, textual materials, skills and classroom
“strategies related to effective science reading and reading
comprehension. Literature from educational psychology, reading
and science education indicates an evolved research focus from

characteristics of the text, to bottom—up cognitivz skills of the
1

Ay

reader, to top-down metacognitic skills of the reader to currently
an interactive constructive cognitive-metacognitive process.

Chall (1983) pointed out that instruction in reading needs to
progress from the learning-to-read stage to the reading—-to-learn

stage. Much effort has been directed at.exploring the earlier

describe related contemporary theories, summarize the reading-

science research and predict potential and fruitful research

issues and techniques.

THE TASE: SCIENCE READING AND COMFREHENDING

e o o e e e T

J
Scientific and technological prose are uniquely different

from traditional fiction.  Mandler and Johnson (1977) suggest that
children’'s stories, mystery stories and other forms of fiction
follow a story grammar which has a distinct and predictable
internal structure. A standard story grammar involves main
characters, protagonists, goals and obstacles. Eruce and Newman

(1978) point out that more complex story grammars include
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"iations of main characters, cnmpatifion, conflict and sharing.
"Authors use illustrations to provide graphic clues about
characters, goals and obstacles (Brown, 1982). In mystery
stories, illustrations may be used to provide false clues to more
fully establish the mystery. Johnson and Mandler (1980) provide a
set of descriptive rules for story grammars that involve content
words, propositions, levels of propositions, ;ategories of
propositions, and episodes of categories. Content words are
specific vocabulary that convey the message of the story, such as
verbs, nouns, verb phrases and noun phrases. Fropositions are
predicates, normally a verb and_agreements of the verb. Levels of
propositions are proposition groups identififrd by mature readers
as being the most important (Lgvel 1), second most important
(Level Z), and so on. Story grammars have six cateqories of
propositions clustered into the setting, beginning, reaction,
attempt, ougcome, and ending. Categories are connected by three
semantic relationships: and, then, and cause. Story grammar
contains at least one episodic cluster of categories related by
and—-then relationships.

Research indicates that readers rely on story grammar to
process, to recall and to comprehend a story (Rumelhart, 1977;
Mandler % Johnson, 19773 Thorndyke, 1977; Stein & Glenn, 1979).
Story grammars appear to parallel the reader’'s schema, whi:h is a
composite of real-life experience and experience with prose.
Immature readers generally recall propositions in the same ordered

levels as mature readers (Therndyke, 19773 Kintsch & van Dijk,

19785 Fronger, Johnson % Yore, 1983). Young readers recall



setting, beginning and outcome categories most often and reaction
category least often (Mandler & Johnson, 1977). Eplisodes are
recalled in order sf thé story. Pronger, Johnson and Yore (1983)
suggest that repeated hearings of a story results in assimilation
of additional propositions into the listener ’'s schema. They found
mirxed indications that listeners restructured or refocused their
schema to accammodate new or discrepant ideas and noted no
significant increase in comprehensioﬁ. According to Brown (1982),
"the more the'readefs know about such standard story [grammarsl,
the easier it will be to read and understand stories" (p. 44).
Science Ecesé

Science writings generally attempt to describe and explain
patterns of events not part of normal daily experience. A
description and explanation of DNA must rely on related concepts,
abstractions and tangential experiences to enhance meaning.
Unlike many best—-selling novels that skillfully and tantilizingly
weave love, hate, survival and other common life experiences,

science deals with informing the uninformed and unexperienced.

Eisenberg (1977) suggests that science language utilizes .unique
- o

~

lexicon, syntax, semantics and logic that influence the ‘\
comprehension of scientific and technological prose. Scienc;
lexicon consists of words with singular meanings not commonly used
in daily communications. Science prose are semantically and
logically expository, which do not parallel natural oral language,
are terse and concise, and lack the degree of redundancy found in

most fiction. Science syntax utilizes frequent referents, large

amounts of anaphora, passive verbs, embedded sentences and



nominalization (Weidler, 1984). Scientific prose contain chained
sentences, with logical Connectives to illustrate cause-effect and
if-then relationships of two ideas, propositions or sentences
(Gardner, Schafe, Myint-Thein % Walterson, 1976} Cassidy, 1977;
Eisenberg, 1977; Gardner, 1980). THese logical linkages are
prepositional phrases, adjectives; explicit indicators,
coordinators, and adverbials. Adverbials establish logical
conditions, such as additive adjunct, restrictive adjunct,
disjunct and :onjgnct (Gardner, et al., 1976). Science writings
also make frequent use of Latin and Greek root words and combining
forms (Fiercey, 1976&; Cassidy, 1977; Knight % Hargis, 1977).

Logic sequences of step-wise instructions or directions are found
frequently in science text (Cassidy, 1977; Pikulski % Jones,
1977). Science textual materials contain a nigh degree of visual
materials, such as pictures, diagrams and graphs. Finally,
scientific prose have embedded in them unique problems related to
mathamatics English that has symbols without typical phoneme-~
grapheme relationshipsgand other than left-right/top-bottom
saccadic eye movements (Nolan, 1984). ‘

Brown (1982) suggestis that "although not as uniform in
structure as stories, expositoc~y texts also take predictable
forms" (p. 44). Armbruster and Anderson (1981) point out that
compare and contrast is & structure that expository text like
science prose utilizes. Science text also uves titles, headings,
subheadings and topic sentences to identify main ideas.
Faragraphs normally develop deductively with the topic sentence

containing the main idea followed by subordinate sentences with



specific facts and detsil. Some attempts have been made to use
inductive paragraph development.

Spiro (1980) notes that "the author of an ey i/
text -+« intends something more than communication. He or she
intends knowledge acquisition, growth and integration beyonu the
confines of text materials an; intentions specifically related to
that material in isolation" (p. 251). Brown (1982) implies that
expert learners realize the purpose of such structures and
devices, use them in the reading process, and that this knowledge
helps improve comprehension.

Comprehension is synonymous with understanding. But what
does it mean to understand something in science? Some researcher’s
seem to suggeét th;t understanding can be derived directly
from print (Allington % Strange, 1980). While these authors
include SDm;a notion of the activity of the reader is the b
extraction of meaning (they call this "access to meaning in
print"), they reiate the essential meaning to the text itself.

According to Thelen (1984), comprehension is a process that
involves more than decoding. It involves what some refer to as
"prior knowledge" (Marshall % Block, 1978-79), or existing
"schemata" (Anderson, 1978; Anderson, Spiro % Anderson, 1978).
FPrior knowledge and schemata are not themselves linguistic
patterns, but rather cognitive structures, which develaop through
previous experience with the science concepts. Comprehersion is

the .nteraction of the new material and the existing cognitive

structure within the reader (Ausubel, Novak & Hanesian, 1978). It




is a reasoning and thinkingxprocess that involves predicting,
organizing,_ahalyzing, remeﬁbering, and evaluating textua)
material (Lira, 1980).

The notion of prior knowledge and cognitive structures
suggests that comprehension and meaning do not lie outside the
reader in the téxt but a .~ internally constructed by generative
mechanisms of intelligence. As Boodman (1976) notes, meaning
depends as much on the reader as it does on what is being read.
In science, what the learner brings to the reading task depends
heavily on the amount of direct experience with the concept to be
understood. Without prior experiences relevant to the science to
be learned, students often end up memorizing materials as a
survival tactic (Vachon & Haney, 1983).

The interactive process of reading comprehension suggests
that science readers must possess complex patterns, which allow
them to read meaning into textual material rather than merely
extract meaning from it. This further suggests that reading is
not a collection of skills but an organized system by which
specific texts trigger structural patterns to fdrm a coherent
meaning experience. This systems notion seems indicated by the
resistance of reading to component analysis. Reading
comprehension seems to be holist}c. Thorndyke (1973) and
Rosenshine (1980) both showed the collapse of distinct
comprehension abilities in the face of factor analysis. One
verbal factor called comprehension remains. Any discrete factors

have so much interaction with other factors they remain

indistinguishable from the system as a whole.



.The science classroom presents a unique opportunity for the
student to develop cognitive structures in which ségénca textual
material can have meaning. Laboratory activities, demonstrations,
and models experienced prior to text reading assignments increase
the comprehensibility of the text material. Without prior

experience or well-formed schemata, reading assignments become

exercises in memorization or forgetting.

THEORIES OF THE READING PROCESS

The hottom-up model of reading assumes the majority of
meaning is stored in the textual materiéls. Successful readers
need only decode the words, structures and relationships embedded
in the print symbols. Once these secrets are decoded and input
into the brain, the reader mentally processes the message to
distill concepts and principles .hat are then stored in memary to
be retrieved later. Bottom-up reading focuses on the decoding
skills, such as vocabulary, phonetics, phoneme-grapheme
associations; meaning from context, use of root words and e
combining forms, semantics, grammar, syntax, logical conneativesi\
use of anayogies, recognizing main ideas, and recognizing
supportiverdetails.

Chomsky (1937) and others directed much of their efforts to
exploring text—driven models of ‘eading. Their linguistic inquiry
focused on pattérns of language, rules of syntax and later on

semantics. Gough's (1972) model of reading is one of the most

recent bottom-up interpretations of reading. Figure 1| summarizes
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' (1984, page 193).
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the unidifectioﬁal text-driven model. Gough syntheéized the work

-~

’

on saccadic,mgvements{ firations and regression of the readers

eyes into the iconic representation, part of print in focus, or
& . .
icon. The ' reader processes the symbols in the icon rapidly in a

letter-hy—-letter sequence. The reader next searches his lexicon

~

for clusters of létter; for maaningfui words and related ideas.

Samuels and Kam.: (1984) suggest that:

-

L Y

+s« Primary memory serves as a brief stora/e system

for the comprehension devidé. PFecisely how the

N .
comprehension device works is under investigation,

but it-js assumed that [itl] discovers the deep
Jignunfure of the word strings in primary memory.

”~
~ Once [the comprebension devicel sucgeeds in

7N

extracting the deep structure of the word string,
the semantic content is moved to the ultimate
register (p. 195).

Samuels and Kamil (1984) point out that the early’ LaBerge and \
’ * \

Samuels model was a bottom-up approach that emphasized decoding,

Py

attention.and cdmprehension.f The’LaBerge and Samuels model also
attends to visual memory, phonological memory, episodic memory and
semantic memory. The revised LaBerge and Samuels (1977) model has

added feedback loops that no longer makes it an exclusive bottom-
ok

up model. The revisions better explain the role that matching of

print information and mentally stored information has on
¢ o :
cumpreh%psion. Samuels and Kamil (1984) suggest that contextual

-

cues found in textbooks, such as titles and huadings, guide the

reader 's comprehension.



Bottom-up models of reading have influenced most® science
reading research and instructional practices to date. Scionce
educators have applied readability formulas, modified scientific
syntax, controlled vocabulary, sentence lepgth ahd-various other
linguistic'variablesf These results are ?eparted later but they
have ;been less than mind-bending and %Hsight%ul. Instructional
practices and curricular materialg have trieu to improve readers’
‘ability and skills at decoding, encoding and prucessing science
prose. These aﬁtempts have had limited success at improving
bottom-ﬁp reaﬁing and the skills developed are not easily
transferrgd to a new reading situation.

The top-down reading process fcoil.es on the metacogni;ive
skills of the reader. What the reade .rings to the priﬁfed page
and what strategies the reader applies are central issues of the
top-down reading process. The concept-driven top-down model
assumes the reader brings more information to the reading act than
the page does (Strange, 1980). Brown (1982) identified two
clusters of metacognitive skills involved in the concept-driven
reading process, namely, knowledge the reader has about the
situation and self-regulating mechanisms used by the reader.
Prior knowledge, information processing skills and task
ident:fication are metacognitive skills of the first type. Brown

(1982) suggest that the second cluster of metacognitive skills

¢
[

includes:
... attempts to relate a new problem to similar

tlass ot problems and to imbue the unfamiliar

13



with the familiar, engage in means end analysis

to identify effective strategies: checking the

outcome of any attempt to solve the problem;

planning one’'s next move; monitoring the

effectiveness of any attempted actioni testing,

revising, and evaluating one’'s strategies for

learning and other strategic activities that

tacilitate learning (pn. 28). c
The top-down reading process can be supported by poor readers’
inabilities to predict'and anticipate upcoming text, to confirm
uncertainties or to develop coping strategies for inconsiderate
text. Good readers can selectivey ignore illogical print, fixing
up inconsistencies by substituting more meaningful ideas and
developing a variety of self-regulating operations. Schallert and
Kleiman (197%9) suggest that teachers can modify textual materials
to the readers’ level of understanding, activate related
knowledge, focus the readers’' attention and help rqaders moni tor
their comprehension to improved reading comprehension. Baker and
Brown (1984) stress the importance of several metacognitive
skills, such as the readers’ conceptualization of the purpose of
the reading task, the awareness of their own activities and the
ébility to solve problems while reading.

As one tries to comprehend the message in many science-

related cartoons; one demonstrates that reading may not be a

unidirectional process. As the reader decodes the visual and

symbolic message, meaning is absent unless prior knowledge or



experience is activated. Likewise, prior knowledge stimulates
uncertaintigs and predictions that require additional information
from the cartoon. Rystrom's (1977) critical analysis of the text-
driven and concept-driven models of reading produced reasons that
questioned both theories. Rystrom posits that an exclusive
bottom~-up model does not explaiﬁ divergent interpretation of a
given text and the top-down model does not explain the mastery of
drastically new materials and high degree of agreement between
different readers of the same material. Rumelhart (1978) proposed
an interactive model that incorporates buth unidirectional models.
Spiro (1980) suggests that "the interactive product of text and
context of various kinds, including linguistic, prior knowledge,
situational, attitudinal ;nd task contexts" construct meaning
during reading (p. 244). Spiro continues:

The text is obviously part of the meaning-

creating process. However, itAmust be considered

in concert with the contextual settings and

the activities of the reader/hearer who, by

making an effort after meaning, will attempt

to construct a comprehension product that makes

sense within his/her individual view of the

world.... Discourse is contextually embedded,

and the contexts in which it occurs guide extra-

textual construction.... Thus there are a variety

of contexts: the other neighboring discourczes

any given one may be embedded in: the peceived

task requirements of a given situation; the



situation itself; and the interests, attitudes,
and preexisting knowledge of the comprehender
(pp. 2850-251).

The interactiveé constructive model utilizes Bartlett’'s schema
theory to explain the interplay of prior knowledge in reading.
Pearson and Spiro (1982) describe many of the comprehension
successes and failures in terms of schema establishment, schema
availability, schema selection and schema maintenance. Fearson
and Spiro describe reading comprehension in much the same terms as
Fiaget's equilibration process. Assimilation becomes the bottom-
up phase of reading that fills in voids in pre—existing knowledge
or a specific schema. Accommodation occurs after uneﬁpected or
discrepant information is encoded into a schema causing
disequilibrium or dissonance. Accommodation results in
modifications of the selectgd schema or in selection of & more
appropriate schema. Few results indicate overwhelming evidence to
support direct relationships between measures of cognitive
development and early reading skills (Waller, 1977). Ferrerio and
Teberosky (1982) utilized Piagetian research methods to explore
early reading and writing behavior. Their unique treatment of
language and language-related symbols as objects provides
interesting insights into young children’'s understanding of
lanquage and the potential use of equilibration. Gallagher (1979)
suggests that reading research consider the global meaning of
cognitive development rather than the specific tasks. She
contends that reading researchers are sometimes misguided by an

over-emphasis on Fiaget's logical model and the stages of



cegnitive development. What is needed is a shift to Piaget's
biological model, the dynamics of the mechanisms inherent in
equilibration or self-regulation (p. 72). VYore and 0Ollila (in
press) found that cognitive development is related to i-ecognition
of concrete and abstfact words by early readers.

Likewise, the constructive interactive reading model
parallels much of the receptive léarning model (Ausubel, Novak %
Hanesian, 1978) as shown in Figure 2. Conceptual maps are very
similar to reading schema and textual structure analyses outlined
by Meyers (1978) and Anderson (1978). It may be that concept maps
are effective methods of establishing and maintaining reading
schema.

Smith (1980) contrasted three different theories of reading
and reading comprehension by applying them independently to a
familiar nursery rhyme:

Jack and Jill went up the hill

To fetch a pail of water.

Jack fell down and broke his crown

And Jill came tumbling after.
His work suggests that syntax/semantics bhottom-up approach leaves
the comprehe&der with a much less vivid representation of the
story and far more unanswered questions than does a top-down
approach or an interactive constructive approach. The top—-down
and constructive models of comprehension include more than what is

contained in the symbols on the page. The reader ’'s purpose for

reading, prior knowledge, attitude and processing skills wi.l also
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influence the representationh comprehended from those print
symbols. Many of Smith'’'s arguments and comparisons could well be
applied to science prose.

Successful readers have a repository of reading skills thatc
allow them to extract ideas from print, process information, seek
additional data and construct meaning. Brown (1982) stafeg that
"reading for them is an active praress of information gathering,
evaluating, and hypothesis testing; they know how to extract
information from texts, to critically evaluate its importance, its
reliability and the evidence that supports" it (p. 49). These
readers monitor their understanding, memory and progress
automatically.

Less effective readers do not possess these decoding,
searching and anticipatory skills, appropriate prior knowledge or
understanding of the reading act. According to Brown (1982):

Reading is not a primary or preferred mode of
_ obtaining information and the task of studying
is often interpreted as involving nothing more
than passive, sometimes desperate rereading of
texts. Such students can be helped to become
more actiyé learners via training programs
basedlon awareness and sel f-control. In order
to become expert learners...they must learn
about their own cognitive characteristics,
their available learning strategies, the
demands of wvarious learning tasks, and the

inherent structure of the material. They
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must tailor their activities to the demands
of all these forces in order to become fiexible
and effective learners (pp. 49-50).

Samuels and Kamil (1984) stated
Each of the models described has a specific
focus, usually different from other models.
Gough ... and Rumelhart all concentrate most
of the power of their models on word-recognition
processes. Within . this group, the emphasis is
either on strict linear processing (Bough) ...
"or on interactive proceésing kRumelhart) .
The modei of Just and Carpenter and that of
Kintsch and van Dijk concentrate on compre-
heqsion, almost to the exclusion of letter-
level processes. This lack of a common focus
is the largest impediment to making comparisons
among the maodels.
While each model tends to draw upon conceptuali-
zations of the reading proceés which have
preceded it, it does not follow that the
earlier models are no longer useful because
each mode]l describes a somewhat different
aspect of reading. Thus, each model provides
unique information about the reading process
not found in the other models....

Finally, we should recognize that our models

have gaping holes in them. As we have developed

<V
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som® sophisticated ideas about how comprehension
takes place and how mitacognitive strategies are
used Lo facilitate reading, the models have been

slow to incorporate this information (pp. 219-220).

RESEARCH IN SCIENCE READING
Readability Research ?

Readability is an attempt to measure or predict a reader's
ability to read textual materials. Martin (19462) recapped the
history of readability aslbeing fou? phasgs, each with & unigue
focus. Initially readability studies focused 6n vocabulary, while
the second phase focused on linguistic variables of difficult
Passages, the third phase explored correlatives between component
language and difficult prose, and the fourth phase explored‘the

interactive reading model inherent in the Cloze readability'

measure. Fhases 1 and 2 outlined by Martin appeared to assume a

. - static or bottom-up reading model. 6Studies during these pheses

produced estimates of readability that utilized words, cyllables
concept load, structures, and sentence length. Word lists of {
familiar and unfamiliar words were products of the early phases of
readability.

The third phase produced a variety of correlation equations
that considered sentence length; frequency of unfamiliar words}
number of phrases, personal referents, affixed morphemes,
polysyllabic words and syilables; percentage of indeterninate

clauses and occurrence ot technical concepts (Dor 'n % Sheard,

1974). FReadability formulas generally consider two or more of

- 19 <
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these structural variables of written language correlated with
some measure of reading success (Esralson, 1976). The Lorge
(1944), Dale-Chall (1948), Flesch (1948), Spache (1953), Fry
(1968 % 1977), and SMOG (McLaughlin, 194%) are examples of
readability formulas generated during the third phase that are
still popular today.

The fourth phase hallmarked a breakthkrough in what
researchers defined as reading. An interactive model that
utilized text and reader as insepacabli® and dynamitc appeared to
guide chis phase. Both characteristics of the written text and
traits of the involved reader were explored. Bottom—up words,
grammar, ..tructures, encoding and decoding were mixed witih top-
down prior knowledge, information processing and looping.
Furthermore, reading success refocused to consider meaning rather
Just mouthing the ward. The irclusion of reading comprehension in
readability‘studies started with the advent of the ()oze procedure
(Taylor, 1933). The Cloze procedure attempted to relate text,
reading and learning characteristics of "Reading to Learn" rather
than just ”Legrniné to Read".(Chally »783) .

Discussing the specific merits of each of these formulas and
procedures would'be an overwhelming tas! and likely best dore b
the original references mentioned. Holliday (1983a) cautioned
science educators about the use of readability formulas as the
sole factor influencing textbook decisions. Such data including
the Cloze procedure are only starting poiﬁts to the understanding
of content reading demands of science texsthooks and comprehension.

Early science eaucation researchers suggested that the Lorge,

20
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Dale-Chall and Flesch formulas provided comparable reading levels
in text materials. Richer (1978) compared several formulas and
suggested that similar results from readability formula mean
significantly different things.

Various readability formulas have been applied to science
textbooks for over thirty years. The results for elementary
science, junior high science, biology, chemistry, physics, college
and university science and mathematics textbooks are summarized in
the following sections. These data are provided to clearly
indicate the first steps taken in science reading research.

Elementary Science Studies. Mallinson, Sturm and Fatton
(1950) explored intermedi.te (grades 4, S and &) science texthooks
and found that these textbooks were somewhat too difficult for
students in intermediate grades. They also found that internal
reading difficulty of the textbooks did not logically develop from
easier beginning sectiﬁns to more difficult later sections.

Burkey (1954) reported that some of the 41 elementary science
textbooks explored had readabilities below grade level (7
textooks), within grade level (18 textbooks), to above grade level
(16 textbooks). Burkey also found extreme internal variations in
readability. Denslow (1961) found grade | science textbooks were
above grade level. O0Ottley (1963) found fhat the discrepancy
between readability of science textbooks and reading ability of
students decreased between grades 4 and 6.

Newport (1963) found that primary school science textbooks
were apprupriate for primary school students and intermediate

grade science textbooks were appropriate if slight modifications

- 21 -
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were considered. 0O'Toole and Bedford (196%9) suggested that
science terminology was the major factor responsible for inflated
readabilities of science texthooks. The addition of science words
to Dale’'s word list decreased science textbook's readabilities
from one to two grade levels. Gilbert (1973) suppcrted 0O'Toole
and Bedford’'s position and added that sentence structuire also
affected the readability of science textbooks.

More recent studies (Esralson, 1978; Williams & Horne, 1978;
Shymansky & Yore, 1979; Yore, 1979a; Yore, 197%bj Yore, 1979c;
Yore, 1979d; Orpwood & Souque, 1984) generally confirm that
elementary school science textbooks are difficult; that science
textbooks do not start with easier sections answdevelop to more
difficult sections, and that science textbooks and science
programs have extreme internal variation {n readability. Williams
and Yore (1985) found that elementary science textbooks'’
readability varies with content area, that visual layout does not
significantly affect readability, and that the gap between science
te~tbook readability and students’ reading ability increases
between grades 4 and 6.

Junior h School Science Textbooks. Mallinson, Sturm and

T

1g
Mallinson (1954) reported that general, physical and earth science
textbooks had sizeable internal variation in readability. j
General, earth, and physical science textbooks had readabilitiés
beween sevenéh and tenth grade levels. Kline (1946) founé}that
earth science textbooks had reading levels of one to four grade
levels above the intended readers. Kennedy\11974) reported that

textbooks associated with the new science curricula had reading
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levels that were generally more than one graae level above the
intended readers and internal variation of less than one grade
level. Analysis of ISCS materials indicated that the materials
were at or below the grade level intended, were very interesting
and that the reading ability of students ;sing the ISCS materials
appeared to improve (Conner, 1977). ésralson (1978) found
readabilities for laboratory textbooks and associated science
readers to be above grade level and extremely high internal
variation.

Biology Tentbooks. Mallinson, Sturm and Mallinson (1950)
reported that the biology textbooks studied had an average reading
level of Grade 8 and considerable internal Qariation. Beldon and
Lee (1961) reported only one of five biology textbooks
investigated had a readability useful to over S0% of the intended
readers. Robinson (19464) found that the BSCS Blue Version had
sections with readability between grade 11 and 12, a high
introduction rate of scientific terminology (4 science terms per
100 words), and a very high concentration of scientific .
terminology (7,000 science terms introduced). Lee and Hislop
(1968) concluded that average readers would experience difficulty
with vocabulary and concepts in all versions of BSCS biology.
Hoiler (1969) reported a sizeable discrepancy between readability
reported by the publisher and those measured hy the Cloze
procedure for BSCS materials. Daugs and Daugs (1974) suggested
that writing stylg was a more critical contributor than scientific

vocabulary in BSCS materials.

Chemistry Textbooks. Fowers (1924, 1926) and Kitzmiller
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(1931) suggested that scientific terminology was thr major factor

®

affecting readability of chemistry textbooks. If only Fequired

14

ferminology were introduced as absolﬁtely needed and continued to
* be used for reinforcement, chemistry textbooﬁs J;uld be much more
readable (Fowefs, 1924). Mallinson, Sturm and Mallinson (1952a)
concluded that chemistry Eéxtboqks were generally too difficult
for intended readers, had éxfrehé internal variation and did not
)
parallel logical reading groups betwean early chapters and la::r
chapters. Beldon and Leg (1962) ‘indicated that the reading level
of most chemistry textbooks made them uséfuL.to less than hal+f  the
»-//// chemistry students. Paowell (19§6) found that chemistry textbooks

were one t. three grade levels above the chemistry students

7N . ,
sampled. Jdowell imp}igg‘gxrelation between students’ reading
ability and chem sf‘f achieveﬁegxp Esralson (197&) found that the
three versions of CHEMS chemistry were above grade level intended

and had sizeable internal variation. . <
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Physics Iextbooks. Mallinson, Sturm'and Mallinion (1952b)
reported sizeable range in readability for physics textbooks from
grade 7 to collegeilevel. Marshall (19&62) fﬁﬁnd no significant
relationship between readability of physics textbooks.and‘ |
comprehension of physics materials. Beldon and Lee (19462) -~
reported readabilities of 9.8 to 12.1 for physics textbooks and
concluded that these textbooks could be successfully read by most
physics students.

College and University Science Textbocks. Majors and

Collette (1941) reported that the readahilities of college biclogy

textbooks were written at reading levels at least two years above
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the average reading abilities of college iréshmen. Hagstrom
(1971) found that S0% of the college textbooks were too difficult
for the intended student. McClellan and McClellan (1976) found
only one of 13 textbooks.investigated could be considered
functional instruction material for the students using the
textbooks. Walker (1980) reported that "no significant difference
between the grade-level readability of the 1960 and 1978
textbooks.... Likewise, the subjective evaluation of the ...
human interest level of the two sets of biology textbooks" had not
changed drastically (p. 32). Most science textbdoks were
considered dull.

Mathematics Textbuoks. Esralson (1974) stated that no study
related to the reading of science textbooks can ignore the impact
of mathematics language" (p. 18). The degree of common terms, |
symbols, syntax, logical struqﬁgres and goals between science
reading and mathematics reading is undeniable. Curtis (1944)
reported 159, 90, 81 and 103 difficult mathematics terms in
selected physics, chemistry, biology and general science
textbooks. Eskiwani (1973) reported that CHEM study materials
required the reader to do 18 different mathematical processes.

Heddens and Smith (1964) and Smith and Heddens (1964)
reported that elementary school mathematics textbooks h\%_reading
levels that were too high for the intended readers and had
considerable internal variation. Covington (1966), Shaw (19&7)
and Wiegland (1967) supported these results. Nolan (1984) stafed

In general, math texts are written in a terse,

unimaginative style, offer few verbal context



clues to help in decoding meaning, and lack
. redundancy which one finds in most writing....
Math also tends to be highly compact and
Qrequires very slow, deliberate reading in
order to comprehend the concepts (p. 28).
Readébility research on science materials have generally
indicated uvhat:

1. Readability formulas and procedures mean significantly
different things.

2. Textbooks are written with reading required at or above the
reading ability nf the intended reader.

3. The gap beween reading level and reading ability increases
with grade level.

4, “treme internal variation is present in science chapters,
science textbooks and science programs.

S Science textbooks and programs do not have logical reading
development from starting chapters to ending chapters or
early grades to later grades.

6. Common vocabulary is likely as big an influence as-scientific
terminolog*.

7. Future science reading research needs to consider more than
the variables traditionally considered in readability
formulas, i.e., sentence length, number of syllables,
polysyllabic we-ds, and commeon words. -

8. Science textbooks need to be matched to the intended reader.

'




9. Fotential problems might lie in content focus, reference
frames, presentation, literary style, linguistic structure,
use, type and position of study questions, and use of
illustrations.

Science and Early Reading (K=3)

Comparison of the science processes, cognitive abilities and
instructional environment in the student-centered science
curricula and the reading readiness skills and early reading
skills stimulated several research studies. Newport (19&9)

- expressed an interest in determining whether reading readiness

skills can be acquired through a less direct approach, namely

whether certain science activities might provide an opportunity
and climate for the development of reading readiness skills. The
observed similarities between the "new" elementary school science
curricula and sevéfal experienced kindergarten teachers’ informél
readiness activities leads one to believe the science processes
and reading readiness skills are not mutually exclusive.

Therefore, science instruction might provide an efféctive reading

readiness program, if not +6r all pupils, perhaps for pupils of a

particular sex. Likewise, Furth (1970) encouragedvthe devel opment

-~

of thinking skills and logical abilities as prerequisites to
reading instruction. |
Cognitive Development and Reading. Raven and Salzer (1971)
applied Fiaget's theory to reading. They implied that
preoperational reading is little more than attaching labels to

specific mental images of objects and operations with little or

no generalizability. Raven and Sal:zer reported that it is



unlikely the preoperational child will have the level of
sophisticatjon in classification necessary to "successfully engage
in rule learning and-applicatinn.ﬂ Almy (1%947) and Almy,
Chittenden and Miller (1966) suggested corservation and
reversibility could be considered prerequisites to formal reading
inktruction. Raven and Sal:zer suggested that Fiaget's theory
implied é nursery school curriculum should stress the interaction
of the ghild and his material envirunment; "The kindergarten
should involve the child in a similar experience-oriented
curriculum in which reading and books are part of the environment
but are not formally taught. The learning situation should be
based on the natural social settings of children working, playing,
sharing, and learning with others. Warth (1765) pointed out the
value of such activities in preschoolers’ learning. Waller (1977)
summarized much of the correlative research between conservation,
classitication, seriation and early reading. Stevenson, Parker,
Wilkinson, Hegion and Fish (1974), Arlin (1981), and Collis,
0llila and Yore (in presi) have confirmed many of these findings.
Generally the apparent ébm:elling relationship between individual
conservation abilities, logical groupings and infralogical
groupings and accepted measure of prereading skills and early
reading achievement are small, non-sigrificant and account +or
little of the variability in reading , -.ormance.

Gallagher (1979) encouraged further investigation of the
potential relationship betweer cognitive development and reading,

stressing the biological aspects rather than the logical aspects

of Fiaget’'s models. Gallagher believes researchers are misguided
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when they focus their attention on individual logical skills
rather than the self-regulation mechanisms of equilibration
involving schemata, assi@ilatinn, aissonance, and accommodation.
Yore and Ollila (18%) found that a global measure of cognitive
development helped. explain the significant difference in the
recognition of concrete words (nouns) and abstract words (non-—
nouns). Ferreiro and Teberosky (1982) suggested that a Fiagetian
framework applied to reading means

that stimuli do not act directly but are

transformed by individual's assimilation

systems (or assimilation schemes). In this

act of transformation, the individual gives

an interpretation to the stimulus (to the

object, in general terms), and only by virtue

of this interpretation does the behavior of

the individual become éomprehensible.... A

particular stimulus (or object) is not the

same unless the available assimilation schemes

are also the same. This means putting the

learner at the center of the learning process,

rather than giving the central nlace to what

supposealy directs this learning (the me:hod

or the person whao carries it out).... Many

teachers find themselves trapped in contradictory

pedagogical practice when it comes to the two

areas that determine the scholastic destiny of

the first grade child (elementary math and
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reading/writingl).... This contradiction is
unacceptable, not only for reasons of pedagogical
consistency but also because it is based on two
conflicting conceptions of children themselves—-
creative, active, and intelligent during math
time and passive, receptive, and ignorant during
reading (pp. 13-14),
Ferreiro and Teberosky believe that children actively construct
knowledge about reading and writing similar to their construction
of knowledge about mathematics and sciences leading to a
constructive reading process. They further suggest that children
appropriate the knowledge by means of cognitive conflict whense
disequilibrium caused by unassimilable objects (physical events,
symbolic ideas, words or tasks) force the learners to reorganize
their schema 'or schemata to accommodate the dissonance. Fre-
operational children appear to construct a developmental series of
unique conceptions about print, such as the name hypothesis, the
minihum—quantity hypothesis, the variety of characters hypothesis,
picture-print differences, télling—reading operations, and the
syllabic hypothesis, that are not transm{tted by adults to
children. Three precautions guided their research: "reading is
not deciphering; writing is not copying a model, and progress in
literacy does not come about through advances in deciphering and
copying" (p. 272).
Science Instruction and Reading. The effect that science

instruction has on reading has been another concern of science

educators. Several studies explored the effects of commercially



avaiiable science programs (SAFPA and SCIS) and teacher-developed
programs on early reading.

Sciencey A Erocess Approach (8APA). Ayers’ (1969) study
investigated the effectiveness of A Level, Science: A Process
Approach with preschool children. Achievement measured by Ayers’
Science Frocess Test indicated significant gains for three-, four-—
and five-year-old groups. Ayers’' study indicated a significant
positive correlation between achievement on the Ayers’ Science

Readiness Iggg (MRT). Ayers and Mason (1969) investigated the
effect of SAFPA on reading readiness of kindergarten children.

This study contrasted the effect of SAPA and the regular
kindergarten program on reading readiness as measured by the MRT.
The analysis of mean gain scored indicated that the science
treatment group made significant gains on five subtests
(listening, matching, alphabet, numbers, and copying) ;nd the
total MRT. Comparisons of mean gain scores between treatment
groups indicated significant diffe-ences on four subtests (ward
meaning, listening, numbers, and copying) and the total MRT. Only
the word meaning subtest favored the control group with the others
favoring the SAFA group. The authors suggested that science
activities contained in SAFA appeared to promote readirg readiness
as measured by the MRT. Ayers and Ayers (1973) found that SAFA
was effective in increasing logical thinking of kindergarteners as
measured by six Fiagetian conservation tasks (number, liquid

amount, solid amount, length, weight, and area). Achievement on

these conservation tasks correlated significantly with the scores

A
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on the MKT.

Ritz and Raven (1970) investigated the effects of a
structured process science-program and a visual perception program
on kindergarten children. Their study contrasted the effects of
SAFA with and against the effects of Frostig’'s Program for sng
Development of Visual FPerception on reading readiness, visual
perception, and science process achievement. This was
accomplished using a two—-phase, blocked instruction, repeated
measures design. During the first phase of instruction, two of
the three treatment groups received instruction in SAFA and the
third received their regular kindergarten program. In the second
instructional phase, one of the SAPA groups returned to their
regular kindergarten program. Data collected at the end of the
first instructional phase favored the SAFPA groups on all measures.
A significant difference was found on science-process achievement.
At the end of the second instructional phase, data indicated
significant differences on visual perception measures favoring the
tfeatment groups receiving Frostig’s visual perception training.
No significant diftferences were found in reading readiness and
science process achievement at the end of the second instructional
Phase. Ritz and Raven suggested that this study supported the
contention that science instruction should be included in
kindergartens. They stated that the inclusion of science could be
acecnomplished "without detracting from other important edu;ational
outcomes". <

Quorn and Yore (1978) found similar significant reading

readiness gains (MRT and Clymer-Barrett Fre-reading Battery) in

LW
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kindergarten children whose training-included SAPA and Eirst
Talking Alphabet. No significant treatment differences, sex
differences, or sex-program interaction were found. The second
part of the study indicated no significant difference between four
programs: (1) informal, (2) Science: A PBrocess Approach, (3)
Eirst Talking Alphabet, (4) control. The results indicated that a
mo*é structured approach appeared to produce greater gains.

Kolebas (1971) explored the longitudinal influence SAPA
Levels A, B and C have on the science processes and reading
achievement of gfade 3 students. She found that students exposed
to the GAFPA program for tiree years performed significantly better
on measures of science pﬁﬁcess and reading than did the grade 3
control group not exposed to.SAPA.

Science Curriculum Improvement Study (SCIS). Renner,
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Stafford, Coffia, Kellogg and Weber (1973) investigated the
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reading program. The control group experienced a commercial
reading readiness program. The MRT was used as a pretest arfld six
weeks later as a posttest. The experimental group out-gained the
control group in total score and in the subtest areas: word
meaning, listening, matching, alphabet, and numbers. The control
group excelled only on the copying subtest. The researchers
concluded the superior performance of the experimental group in
the listed subtest areas was a result of their having had concrete

experiences in these areas to the limit of their interest and
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;bility. Earlier Keliogg (1971) found similar results for the

Morgan, Rachelson and Lloyd (1977) explored the effects of
SCIS on grade 1 reading. They found that science group achieved
.significantlyhhigher reading scores on.g school district

- L}
standardized test than did the non-science group.

Esler and Midgett (1978) reported significant difference
between two grade 3 classes on reading comprehension, spelling and
language expression. The class utilizing SCIS Organisms . '
inpegrated into the language program demonstrated high reading
performance than the class instruéted by basal Feading and science
textbooks by conventional methods. Renner and Coulter (19°6)
believed that inquiry science programs, like SCIS, provide
concrete experiences and an intellectual environment that support
reading acquisition and self-actualization.

Other Programs. Darnell and Bourne (1970) explored the
effects of training on two-dimensional classification tasks. They
measured kindergarten and second grade children’s ability to
classity concrete objects by width and height. The resulfs
indicated significant instruction and age effects. The age effect
favored.the older children. Non-significant differences were
found between the sexes and levels of verbal ability. A highly
significant correlation between achievement on the classification
tasks and the MRT scores was found for the kindergarten group.

The results also produced a significant treatment-by-verbal

ability interactiony, which seemed to indicate that the more verbal

children benefited the most from indirect instruction. Wellman




(1978) reported several other studies that found significant
relationships between eariy reading and science for a wide range

of settings and abilities.

- e \\

Although the theoretical logical similarities between reading
and science processes, reading and concrete.experiences, and
reading and popular psychological constructs appear compelling,
the present research results from read/science explorations are
not overwhelming. Future research must build on these résults to
focus on unanswered questions for unique‘vantage points as the
interactive model of reading, text structure, schemata and
conceptual maPping. Generally without reservations these results
suggest that science instruction should be part of early‘
schooling, that they likely enhance reading instruction and do not
detract from early reading achievement. Weidler (1982) stated

After reviewing the researéh iﬁ the‘area of
science and reading, it would appeér-£hat -
further research [is neededl. Elementary
school programe in relation to reading and

science need study (p. S6).

READING COMFREHENSION AND SCIENCE ACHIEVEMENT
Comprehension of ideas implied in written text requires an
intellectual marriage of writer and reader. The writer must
anticipate his readers’ prior knowledge, experience and reading
schema, and provide a logical set of print stimuli that will allow

the reader to construct the meaning intended by the writer.
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Anderson and Fearson (1984) provide several illustrations of the.
influence gn comprehension of schema—activation. Two readers with
different schemata interpret the same text differently. Anderson
and Fearson point out the value of both assimilation of
information into existing schema and the modification of schema to
accommodate dissonant information. Tierney and Cunningham (1984)
synthesized rgsearch on prereading activities, interactions during
reading and interventions followin;\reading that improve reading
comprqhénsion. Research related to preteaching vocabulary,
enriching backéround knowledge and using analogy to build
background knowledge prior to reading is mixed gnd inconclusive
regarding the effects of these practices on reading comprqhension.

Pl

Research in activating background knowledge and attention focusing

related to reading comprehension appears to support the use of P

advance organizers and prDQiding students with objectives while
the use of pretest and prequestions, student-centered Eeading
activities and pictures, prefactory statéments and title require
further consideration. Induciné imagery, self-questioning, oral
reading, lesson frameworks and study guides were coﬁsidered as
interaction during reading, but research findings were sparse &nd
inconclusive regarding their effects. The effects of teacher
interventions following reading, such as postquestions, feedback
and group discussions, are inadequately investigated.

The effects of adiunct questions on reading comerehension and
science achievement has been considered by Holliday (1981 %

198Z2h), Holliday, Whittaker and Loose (1984),'and Leonard and



Lowery (1%84). Holliday (1981) fuuaaW(hat students provided with
a cémprehensive set of study questions of with no study questions
significantly Pu£Berformed students with a partial_set of study
questions. Holliday (1983b) found that overtly prompting gtudents
with questions was significantly less effective than unpromﬁted‘»\\“
students suppliedxwith adjunct questions. Holliday, et al. (1984) —~~
found that study questions have differential effect on readers
with different verbal aptitude. Results indicated that verbatim
study questions interfered with the science comprehension of
readers with low-verbal aptitude. Leonard and Laowery (1984) found
science achievement related to reading without qﬁeStions was
superior to science achievement for reading with various types of ///
questions and science achievement with no reading on posttest ,
directly after reading, two weeks after reading and nine weeks
after reading. Generally, the type, number and position of
adjunct gquestions in science.text to promote greater compréhension_
and achievement needs further consideration.

The influence of graphic adjuncts on scienceltext A
comprehension has been explored by several researchers. Holliday
(1972 & 1973) found that flow charts were used frequently;in
science materials in conjunction with prose to illustrate cyclic
and/or interactive processes. These graphic adjuncts appeared to
increase science comprehension. Holliday, Brunner and Donais
(1977) found differential effects of block—-word diagrams for
readers of different verbal aptitudes.  The diaérams appeared to
be of less utility to readers with low-verbal aptitudes. -Thomas . .

(1978) found that the inclusion or exclusion of pictures in~

~




elementary school science textbooks did not appear to affect the
students’ comprehension. Koran and Koran (1780) explored the
placement of graphic adjuncts on the related science achievement.
They found non-significant placement and grade effects and
significant placement by éptitude interaction. More able students
“éqhieQeauhigher scores with no pictorial adjuncts than did less
able.students. Winn (1980) reported that fext—plus—diagrams,
helped high ability readers to organize concepts more effectively
than text oniy. He found the reverse for low-ability reaQers.
Winn (1981) suggested that diagfams should "sﬁow representations
of concepts realistically, and they hshould) shaw the
relationships between con&epts in & particular content areaf‘

(p. 31). .winn (1982) found that orientation of diaarams and ,
verbal aptitude of.reader'significantly influences students
"gcience achievement. Brooks (1983) explored the effects of
student-generated headings an related science comprehension.
Results revealed that generating headings enhancgs performance on
a number of recall measures compared'to eitngr'author—provided
"headings or no'headings.- Williams and Yore (1984) found no
sign;ficant differences on Cloze scores of science text with or
without graphic adjuncté. "Winn and Holliday (1982) outlined a set

/7
of criteria that graphic adjuncts should consider in order to

-

increase their effectiveness. -
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Meyer and Rice (1984) state
In recent years, researchers in the area of

reading have been investigating the effects of



the structure among the ideas presented in a

text on what the reader learns and retains from

text.... [Text structure refers] to how ideas

in a text are interrelated to convey a message

to a reader....” Thus, text structure specifies

the logical connections'among ideas as well as

subordination of some ideas to others (p. 319).
Text structure research is a logical extension o¥ earlier
readability formulas, except the interrelationships of ideas is
paramount rather than number of syllables, sentence length and
vocabulary density. -Armbruster and Anderson (1981) identified
coherence, unity and audience apprbpriateness as attriﬁhggs an
ideal text should have. Three systems are commonly used to assess
text structure, speci;ically “intsch (1974), Frederiksen (197%5)
and Meyer (1973). The Kintsch sysiam considers the hierarchical
surface structure and would be appropriate to analyze expository
text in which conceptual relationships were not important.
Frederiksen's systemdpan be applied to various expository text and
utilizes the concept as the basic element of -analysis. The system
provides a structural graph illustrating the relationshif network
between concepts much like a concept map. Meyer's system utilizes
the idea uni£ as the basis of the analysis of conceptual
relationships. The analysis yields a hierarchy of content
structure that indicates propogitional relationships, rhetorical
relations and arguments.

Meyer and Rice (1984) state

In summary, these three prose analysis systems
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differ in their strengths and suitability for

different types of passages and research questions.

Meyer ‘s and Frederiksen's systems are better

suited to examining logical relationships and

comprehension of these relationships explicitly

-or implicitly stated in the text (p. 336).
Armbruster and Anderson (1981) illustrated a modified text
analysis system that indicates the hieraréhical relationships
between ideas or frames. Deese (1981) found that text structure
affected the‘comprehension of grades 7 and 10 and college students
on a similar biology topic. The results indicated the readers
more recall proposf;ions identified as important by content
speclialists. Finley (1983) used a cluster analysis of recalled
physics content to demonstrate that readers recalled common
clusters'of propositions and more able students recalled greater
numbers of clusters. Generally, readers comprehend greater
amounts of knowledge from coherent, lngically designed, unified
and considerate tent.

Corey (1977) found that rewriting scientific journals at
grade level readavility improved the reading rate and
comprehension of grade 9 students. Wright (1982) found rewritten
science materials to achieve low readability levels significantly
improved comprehension measured by Cloze scores but did not
improve science achievement measured by a teacher—-made test. Tate

and Burkman (1983) found that readability, as measured by Cloze

scores, of ISI8 materials influenced the effects of specific



teaching/learning strategies on science achievement and the
efficient use of instructional time. Yore (in progress) found
that a teaching/learning strategy designed to utilize concrete
experience, supplementary reading, direct content reading skill
instruction and specific prereading instruction did not overcome
the significant effects of general readiné vocabulary and general
reading comprehension of the students on their science -

achievement.

RESEARCH TRENDS AND ISSUES IN SCIENCE—-READING

From 1920-50 the emphasis in content reading was on
vocabulary and concept load,the main issue bwing comprehension.
The controversy centered on whether definition of a word is
sufficient evidence of comprenhension or if deeper understanding of
the concept is required. Thé issue has never really been settled.

From 1930-70 the emphasis was on readability, the elusive
search for what makes something difficult or easy to read and
comprehend. Analyses focused on vocabulary, structure and
relationships in text. These analyses became very technical at
times (e.g., Anderson’'s "Kinetic Structure" [194661).

Though not researched in the context of reading per se,
extensive research into epistemological issues—-—how we know what
we know--has been conducted in science education during the past
two decades. The problem solving research of the cognitive
psychologists has become the focus of research for understanding

in science and mathematics learning suggesting yet another level
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of comprehension-—-being able to act with knuwledgg.

Vacca and Vacca (1983), recognizing the seemingly endless
complications and issued connected with the search for a single
criterion as an explanation of comprehension suggest it might be
more productive to think in terms of

.-« multiple levels of knowledge. A very high

&
level of knowledge might bé tapped by reguiring
subjects to demonstrate understanding the concept,
perhaps a lower level by requiring selection of
piroduction of a definition, and a still lower
level by a procedure ... that asks the sublject
simply to report whHether he/she knows the word
(p. 89).

It appears there is a trend towards investigation of how
meaning is formed in reading that suggests that meaning does not
lie outside the reader in the text but is internally constructed
by generative mechanisms of intelligence. This attention on what
appears to be an essential feature of meaning in reading has led
many to emphasize understanding in reading. In fact, Goodman
(1975) suggests that if reading is the extraction of meaning, then
"reading comprehension" is a redundant phrase, because without
comprehension, no reading has occurred. Verbal and mathematical
symbolic material appears to be the cues to meaning systems within
the reader. One of the trends in reading and science instruction
seaems to seek deeper understanding of these generative functions

which create meaning within students. As research progresses in

science education, it seems to become more clear that operational



mechanisms underlie linguistic activity in understanding science
concepts and these mechanisms are themselves independent of their
verbal or symbolic expression.

This trend, which seeks understanding of internal generative
mechanisms of meaning, might be £ermad structuralism because of
the emphasis on cognitive patterning or relationships that
underlie meaning. Rather than study environmental and other
external factors involved in the dévelopment of the reading
process (drill, effects of controlling vocabulary, phonics
instruction, whole word, other teaching techniques), many
researchers are probing phonological code (Kleiman, 1975),
svntactic structure (Levin & Kaplan, 1970), clausal structure
(Forster, 17970), and story structure (Thorndyke, 1977). All these
methods sugg:st that readers must possess complex patterns that

allow them to read meaning into textual material.

Another trend of this movement towards structuralism rests
in the notion that reading i®s not a collection of skills but forms
a more or less unified system by which specific texts trigger
these spructural patterns to form a specific instance of a
coherent meaning experiencé. This systems notion seems indicated
by the resistance of reading to component analysis. Just as the
physical concepts, including conversation concepts, are actually
whole systems in which parts are not analyzable separately, so
also reading seems to rest on notions of holism. Thorndyke (1973)
and Rosenshine (1980) both showed the collapse of distinct |

comprehension abilities in the face of factor analysis. One

verbal factor called comprehension remains. Any discrete factors



have so much interaction with other chtors they remain
indistinguishable from the system as a whole.

The significance of reading appears to be in the grasp of
meaning. How to understand even discrete concepts is extremely
complicated. Beyond.the initial start-up skills, reading
instruction seems bound to move more and more towards analysis of
meaning and understanding. |

The fundamental problem to be overccme by many reading and
science education researchers is where to search for the sources
and causes of meéning. Do they lie in the language as is
suggested in the emphasis on verbal methods of teaching or in the
emphasis by researchers on the external influences on the student?
Or does meaning rest fundamentally on general laws of the
coordination of act{on systems gradually internalized as
intelligence and manifested in structural patterns? There are
fundamental contradictions in asserting meaning comes solely from
without the learner and it app=2ars the social sciences are
gradually moving towards capturing the internal subjectivity of
human knowiné by tpe very emphasis on structural patterns and
relationships in research.

Walker (1981) stressed that the textbook is much maligned and
little studied. Walker believes naturalistic field studies are
required to more fully explore text-related learning and teaching.
Stewart and Atkin (1982) propose the information processing
paradigm as an alternative model to guide science education

research related to learning and problem solving. Stewart and
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Athkin nmglected to specifically mention science-reading research
asn a potential area to apply information processing strategies.
Ulerich (1983) suggests that there was a significant need to
explore the role the text has in the teaching and learning of
science. She points out that special coﬁsideration is needed to
define and describe the content differences in the instructional
treatments as they relate to outcomes in the information
processing model.

Readability formulas present special problems in the area of
science. Formulas based on word difficulty and sentence structure
fail to account for both reader and content characteristics.

Texts written to conform to a reading formula may be made more
difficult to comprehend in the process.

The activity dimension of science provides a fertile area for
re—establishing what it means to comprehend science text material.
New measures of readability (comprehensibility) no doubt will
reflect an interactive, construction model of knowing. Vygotsky's
research on “proleptic" learning, which studies the reader's
ability to anticipate meaning from text patterns and structure,
and the work on “scaffolding" support an interactive model of
reading comr “ehension and suggest a new round of reading research
that treats the reader as more than a mechanic and the material to

be learned as more than a set of symbols.
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