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ABSTRACT

Relational words havie been found to present reading compres
hension difficulties *o children partly because of their abstract
nature and a'so becau.e of their diverse meanings and functions.

Words such cs 'it' which have grammatical -as well as logical tunctions
are perhaps most difficult for ¢hildren to understand.

Children do-not have compl(tv Control of the grammar or the
logic of '"if' and tanerefore they would be expected to have di&ficulty
processina sentences coniaining '"if.' Where 'if' i used as a logical
construct in 'if-then' propositions which require conditional rc »oning,
immature cognitive development may prcyeﬁt children from reasoning
conditionally.

The purpose of this study was to determine the extent to
which '"if' is used in grade six science textbooks, and the ways in
which it is used grammatically and logically in textbook senténces.
Certain syntactic processes which complicate the grammar‘and logic
of "if' and which hindér proce%sing of the éntire sentence were also
investigated.

Three science texfbooks recommended for use in Alberta's
'grade six classes were analyzed. Initially, 686 sentences containing
'if' found in the three textbooks were isolated and recordea. The
sentences weré then subjected to a variety of counts relating to the
grammar ;nd logic of 'if.' k

It was fodnd that 'if' has several meanings and differential
uses in science textonk sentences. It is used.most fequently to

indicate supposition. The conditional 'if' and 'if' to mean 'whether



i

are also used to a large degree.  Many ~entences were found to reverse
the logical "if then' torm, and the vast majority ot sentences delete

"if-then!' statements.  The question trangformation

“then' from
involving use of "if' to indica.c supposition is used extensively

by one textbook in particular. Various forms of vneqati(m, which are
al~o forms of propositional logia, wer~ al-o identified.

Because multiple meanings and tunctions of 'if," and o
variety of grammatical and logical complexitiecs characterize the
textbhook sentences, children would be rcqui}ed to have a thorough
understanding of the grammar aﬁd logic of '"if' to which they are
exposed in thnir.reading of science LoxtbooLS.

On. the basis of the findings it was suggested that teachers
be made aware of the high frequency of ‘'if' ;éntences in science
textbooks and the reading combrehension'difficulties théy may present.

Textbook writers and evaluators need to consider these difficulties

in material written for children.
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Chanter |
it PROW M IS NATORE AND S TONTE TOmNCH

Fivtroduct ion

The wore it s useo ot ten o everscay Tite by oadid
children. 1t ca vord children meet ecarly in their reading -
itp oes no problems ipoword recougnition. It s not o ine luded

)

. ] .
vocabulary «tudies because teachers rconsider it art u@umu h

I

reper gpire of words. T As a result, "if' Qs treared with canu
J - .

reqard by writers, teachers and pupils in oll contexts and i
areas of study in <chool.

The qradmaticnl word 'if' has, in tact, several meant -
do many function words. Although itﬁ‘pdﬂcxix to:rvlut; idea
relationshtips may dssume séyéra{'forms.. But 'it' also has

function in propositional reasoning, particularly in conditic:

Science textbooks make spe@ial use of Lif'in both it~

v

AN ' . ’ ’ .
grammatical and loglixal roles. The 'if then' sentence is bas
hypothetico-deductive reasoning in science, and cursory exami -

AN :

of science t: pooks revealed 'if' is frequently présent in e

in science textbéoks'psed‘in;all grade ‘levels. -
£ ' . r .o .
Teachers of science have long complained that childre~

difficulty getting information from science textbooks. Full - ——m——

comprehension demands understanding of the written message ac = ————————

to the author's intended meaning. Children apparently fail to

»

the necessary meaning fkom‘écience textbooks im-spite of reada ————

~

,
v



controls.

One major source of reading cnpgfehenaion difficulties~Nn
science toxfbooks may be the relating and ihterrelating of rather
abstract ideas. Research by Rawson (1969), Robertson (1966), Davison
{1968) and others has shown‘that it may be relational words like "if!
which present the greatest probléms'in reading comprehension.

In science textbooks 'if' can be used to relate jdeas
grammatically, but it can also have a logical function in relating
ideas -in conditional forms. Conditional logic requires reasoning on
the basis of “the loqic of 'if.' Research by Piaget and his associates
and by Ennis (1965) has shown that ability to reason conditionally‘
occurs late in the intellectual development of thildren. Children

“will conceivably encounter problems when they are asked to process

sentences which contain 'if-then' propositions.

The Problefh

If relational words such as 'if' are difficult for chjldren
to understand, and if conditionél,reasoning using 'if' occurs late in
children's cognitive development, then teaéhers must teach children
the grammar and logic of 'if' to help them achieve full comprghension
of sentences using 'if.' In order that teachers may decide which

structure- 1. ating to 'if' need to be taught, it is f rst necessary
g g

to know tie - .ructures containing 'if' which are actually present in

“

¥ textbooks written for children. ;

—~tb

It is the purpose of this study to determine the extent to

which children in grade six are exposed to 'if' in various contexts in



science textbooks, to delineate types of conditional logic necessary

A

to process the:sentences, and to ex mine some of the syntactical

\

\\.r -
aspects of 'if' sentences which may hinder the processing of the
grammar and logic of 'if' and of the sentence as a whole.

Research Questions

The following questions were %ormulated with the purpose of
this study in mind.

1. What is the frequency and distribution of sentences
containfng "if' in the three science textbooks recommended by the
Department of Education to be used by grade six.pupi]s in Alberta?

2. What is the total number of times the word "if' is used
'in the sentences in the textbooks?

3. What are the differential uses of 'if' according to
differences in meaning of fhe word 'if' in these sentences?

L. What are the sentence positions in which 'if' is located?

5. To what extent is the question transformation used in
sentences con;aining "if' in the three textbooks?

6. - How often is 'tsen' stated in 'if-then' sentences, and"
to what extent is it deleted but implied?

7. What use is made of negative expansion and what are the

effects of negation on the logical forms of sentences containing 'if'?
Limitations

The following limitations of the c¢-sign of the study are

acknowledged.



I. This study analyzed only sentences containing 'if' in
three science textbooks at one grade level. (

2. Only certain specific grammatical features of 'if'
sentences were examined. For this reason it is impossible to offer

any definitive answers on the comprehensibility af the sentences

/’*~—~;;;T>zed or on the textbooks.

3. No attempt was made to test children's understanding of

the word 'if' and the sentences in which it is used.

Definition of Terms

A number of expressions.focal to this study are used repeatedly
in the writing of this report. These -terms as expressed and uséd in
this investigation are expla}ned.

Sentence: That part of written discourse that extends from a capital
letter to a period, a question mark, or ég explanation mark.

Grammar: The phenomena dealing with the study of Qprds, including
their meanings, functions, andnsyntactica] rélations.

antéx: The arfangementfof words in sentences. |

Logic: A branch df thought or reasoning that is concernea’with the

objective relation between evidence and conclusion.

Deductive Reasoning: Reasoning from a given premise to a necessary
i - ’ .

conclusion by means of logical rules.

Inference: An opinion, belief, or conclusion drawn from evidence or .

-

froom other opinions or beliefs considered to be evidence.

. Conditional Reasoning: Reasoning on the basis of a statement composed
"of two component statements joined by the connective 'if

then.'



Conditional Logic: A type of deductive reasoning dealing with state-
ments containing the word 'if' which introduces conditions

upon which the truth of the rest of the sentence containing

them depends.

\
Readability: Ease of understanding of written discourse, of ten
obtained by the application of a formula.
Comprehensibility: Full understanding of written discourse relevant

to the author's thought and intended meaning.

Frequency: The total number of times an element is found in the

»

textbook sample.

Distribution: The number of times an element is found in individual
-2 oot 4 .

textbooks used in the sample.

Significance of the iy

The results of this study may have implications for classrobm
teachers, for textbook writers and editors, and for those charged
with « valuating textbooks to be used by children in the elementary
grades.

Several meanings of 'if' will be offered so that teachgngxnay
become aware of multiple meanings and differential uses:of "if' and

teach them to their pupils.

Thevloéic of '"if' will be examined so that teachers will be

cognizant of the logical functions of 'if' and the types of con-

ditionaT*Togic to which children are exposed in their science text-

books .

Several grammatical processes présent in 'if' sentences that
_ P
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-
increase their syntactical and logical complexity will be presented.

Teachers need to be aware of the additional ditficulties these may
present their pupils, and teach pupils to analyze and to understand

them,

Textbook writers, editors and evaluators must recognize the
difficulties various grammaticol and logical aspects of 'if' may

create tor children. These will need to be controlied and explained
thoroughly as they are presented in the textbooks. When this is done
children will be given textbooks which are not only readable, but

comprehensible.

Overview of the Investigation

Three science textbooks authorized by the Department of
Eaucation, Province of Alberta, far children in grade six were
analyzed for the presence of sentences which contain 'if.' The
frequency and distributi;n of every sentence containing 'if' were
tabulated. The sample was also subjeéted go a variety of counts
relating to the grammar and logic of 'if' and the syntax of the
sentences in which it is used.

A review of research related to this investigation is presented
in Chapter 2. C(Chapter 3 describes the research'desién, and Chapter 4
4 reporté tHe analysis of textbook findings. Theiconcluding chapter'
summarizes the findings and conclusions of the investigation, the

i
implications of the stidy, and suggests possible related research.

(

y



Chapter 2

REVIEW OF RELATED LITERATURE AND RESEARCH

This chapter presents a review of related Literatufe and
research which served both as a stimulus to and a theoretical basis
for the present study. .

Most children in the upper elementary arades in school have
acquired the ability to read written work independently insofar as
they are able to decode printed symbols. Difficulties in reading
comprehension, nevertheless, are almost glways present particularly
when the reading involves texthooks in the content subjecrs. This is
the case even when concept load, vocabulary and sentence length are
controlled in material written for children.

Language structures in print frequentlv differ from structures
used in oral communication. It is recognized that written language is
not simply ''speech written down." The language of print is usually
more formal, compact and contains a greater number of compound and
comptex sentences. Many senténces children are require: to read nave
a very involved structure. The relation of ideas in these sentences
and relations between sentences may areate difficulties in compre-
hension.

Particular difficulties in comprehension may result from
children's independent reading of textbooks in social studies, science
and mathematics which contafn specialized patterns of writing.. Science

textbooks make special use of causal and implicative relations.



o

Mathematics is full of 'if . . . then' propositions. Reasoning in

»t

mathematics and the solving of mathematical problems is dependent
primarily on full comprehension in reading the relationships expressed
in print.. Knowing isolated word meanings, including specialized
vocabulary, is a prerequisite but it will not ensure fulljcomprc-

hension of connected discourse in these subject areas.

\
\

"Reading and Reading Comprehension

The Nature of Reading Comprehension

Historically most reading authorities have defined reading as
a cognitive process which is never mere decoding of ‘printed symbols.
Thorndike first stated that 'reading is thinking" in 1917. As a
thinking process, reading involves comprehension.’
tn 1970 Stauffer summarized the position of experts on the
role of comprehension in reading.
Universal agreement can be obtained supporting the conclusion
that comprehension is the invariant condition of reading.
Almost universal agreement can be obtained regarding the con-
clusion that reading is a process akin to thinking. Some few

agree that if the first two premises are true then reading
should be taught as a thinking process (p. 138).

The Reading Handbook (1968) currently used in the Province of

. 4
Alberta describes reading as an act which ""involves complex mental

processes. Reading takes place only when the individual gets meaning

from the material and is able to make use of the ideas obtained" (p. 6).

~Jenkinson (1973) defines reading as more than creating meaning
from printed symbols. ' \

Constructing meaning is a vital prerequisite of all reading.
But reading is also a form of thinking, problem-solving or
reasoning, which involves analysis and discriminating, judging,



evaluating, and synthesizing. . . . Any definition of the
reading process, therefore, must'inélude interpretation and
evaluation as well as construction of meaning (p. 45).

Smith and Barrett (1974) agree that reading compfchension is
not a.global process, but ''a diverse ability with many discriminate
subabilities" (p. 49). A global conceptualization of reading compre-
hension tends to lead to a definition of comprehension as ''getting
meaning'' from the printed page. The result has been an overemphasis
in schaols on comprehension tasks which require recognition and
recall of explicit statements read by students.

This concern was borne out in & study by Guszak (1967).
Guszak investigated the types of reading comprehension teachers in
the elementar* grades stimulated through their orél questions. The
findings showéd that the vast majority of the teachers' questions
required literal recognition or recall. Evaluation questions were
the second most frequentl, asked. ~However, Guszak indicated that
most of these questions ;equired only ''ves'' or ''no" responses.

Third in order oflfrequency,were inferentialAQuestions, that is,
conjecture and explanation combined. Answers to khese questions were
usually based on children's individual imaginations and emotions, thg
result of idiosyncratic and creative thinking rather than critical
thinking.

On the basis of his findings, Guszak concluded that there was

an overemphasis on literal questions, -and recall questions in

particular, about minute and insignificant facts.  Perhaps more

L&

importantly, these results imply that teachers generally do not

determine the quality and degree of comprehension obtained by their



pupils from their reading according to the intended message. More-
over, it is safe to conclude that the teaching of reading fails to
guide children in the use of thinking processes so that full compre-

hension is attained relevant to the writer's thought.

Reading Comprehension Skills

Experts in the field of reading have long been aware of the
complexity of reading comprehension. Until recently, however, little
has been offered in the way of explanation of this complexity.

Thomas Ba}rett developed a Taxonomy of Reading Comprehension in an
effort to help teachers to gain a clear understanding of reading
comprehension. The Taxonomy attempts to define and classify reading
comprehension skills, and is based on the works of Bloom (1956) ,
Guilford (1958}, and Guszak (196 ).

In jts original form, ”The.Barrett Taxonomy of Reading
Conpr%hension“.presented by Clymer (1968) postulates five dimensions
of thinking in reading: literal comprehension, reorganization,
inferential comprehension, evaluation, and appreciation. In 1972
Barrett revised the Taxonomy by omitting the reorganization operation.
The four major categories of reading comprehension presented by Smith
and Barrett'(l97b) are literal recognition or recall, inference,
evaluation, and“appreciétion.

Barrett considers literal comprehensfon to be basic and funda-
mental to ability to deal with other types of comprehension’tasks.

In addition, Barrett notes that there are differencés in difficulty
among literal comprehension tasks: For exam-le, the more discrete

items of information the reader is asked to recognize or recall, the



more difficult the task.. The sequence .in which items of information
are presented may further add to the difficulty.

The second category of reading comprehension in Barrett's
Taxonomy, inferential comprehension, involves on the part of a
student "a synthesis of the literal content of a selection, his
personal knowledge, his intuition and his imagination as a basis '
for conjectures or hypotheses' (Smith and Barrett, 1974, p. 5&).‘)
This task may require convergent or divergent thinking which goes
beyond the printed page.

Tasks of convergent inference, according to Smith and Barrett
involve inferemces based primarily upon the data or information
provided by the author and the logic rather than the imagination of
the student. These tasks will produce inferences or conclusiohs
which can be confirmed by'tQELjnformation provided by the author.

The thinking processes require the ébility to use inductive and
deductive logie. Tasks that require this ability should help students
to analyze and synthesize information, and to draw logical conclusions
from given data or premises.

The third category | Barrett's Taxonomy of reading compre-
hension is evaluation.\févalu31'on requ;}es tha£ judgements be made
‘about the content being réad, "'judgements that have to do with its
accuracy, acceﬁtability, worth? desirability, completeness; suitability,
timeliness; quality,; truthfulness, or probabi]ity of occurrence'

(Smith ana Barrett, 1974, p. 55).

Evaluation involves the making of both positive and negative

judgements. Smith and Barrett stress that evaluation itself demands



that the reader be SystematiC,Alogical and objective when evaluating
what is read. More importantly, it is vital that the reader reserve
judgement until adequate data are available, and so avoid opinions,
overgeneralizations, and leaping to conclusions.

The last category in Barrett's Taxonomy, appreciation, involves.
the affective domain according to Bloom's Taxénomy'(i956\. Approcia—
tion is concerned primarily with the reader's emotional reaction to

»
~\<$he content.

S
The categories and tasks to be included in reading compre-

hension differ somewhat among experts in the field, but there are
many similarities. Jenkinson (1973) lists three broad categories of
reading comprehension: cohstrucfion, inie}pretation, and evaluation
of ‘'meaning, which are roughly analogous to the first three categories
in Barrett's Taxonomy.- The first of these, construction of meaning,
occurs at thé literal level and is a prerequisite to all reading.
Beyond the understanding of the direct meaning of a bassage: compre-
hension must also include inferred meanings and implications. lInterpre-
tation and evaluationj according to Jénkinson, demand reading between
‘the lineé and are based on past experience:

To derive full comprehension, a reader must first become thé

co-author, suspending judgements until he has absorbed the

concepts presented, and then scrutinizing and assessing the
‘ideas in the light of his own knowledge and experience (p. 45).
s . , y

.

Readability of School Textbooks

In an attempt to ensure that children in various grades in
schools are able to understand material read .by them, experts in the

field of reading began to study readability and the means of predicting



it. Readability is usually defined as case of understanding. lInterest

in detérmiping difficulty of reading material by means of readability
formulas began early in this century. A readability formula uses
counts of language variables in order to provide an index of difficulty
for average readers at various grade levels in school .

Traditional Formulas Used to
Determine Readability

Chall (1958) reported that thg earliést puglished studies in
readability estimated difficulty of reading materials on the basis of
one féctor, vocabulary. Later; one aspect of language structure,
;entence length, was added. as a $econd variable in readability
formulas. Examples of these formulas, develbped in 1948 and still
commonly used today, are the Lorge, flesch, Dalé-Chall, and Dolch
formulas. They have been used to deterqine readability of all text-
books, without distinguishing between naFrative material usually

- 2
present in developmental reading programs, and non-fiction,” informa-

tional material used in content subjects.

’

There is general agréement among teachers that students of
all ages encounter p}oblems with reading in content areas. There is
concern that children's textbooks in content subjects su;h:a; social
studieé and science are too difficult fdr the intended grade levels.
Teachers of science, for example, have long been aware thét the
reading level of science textbooks as determined by variéus readability

formulas is too difficult for their nupils.

2

&
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Readability of Three Science Textbooks
as Determined by Traditional Formulas

The concern that science textbooks are too difficult for

children prompted Kass and Jacknicke (1971) to study the roadabili}Y
of elementary science textbooks widely used in the Province of Alberta.
Three science textbooks at each of three grade = 5, four, {ivo and
six, were used %n the research: Barnard et al., Science for

.
Tomorrow's World (1966), Brandwein et al., Loncepts in Science (1966),
and Fischler et al., Science a Modern Approéch (1966) .

From each book the investig s selected for examination

five passages each approximately ¢gne hundred words in length at one-
fifth intervals throughout each book. Every passage selected was

then subjecfed to two readability formulas, the Dale-Chall Readéb]lily
Forhula, and the Fog Index. Both formulas are based on average
sentence Ienéth and percentage of difficult words.

The findings indicate that for each book at each grade le
. the average readability is above the grade level for which it is
intended. Table 2.1 shows the average reading levels of the #hree
textbooks as presented by Kass and Jacknicke (1971, p. 1).:

Although the Fog Index tends to ascribe higher average
~eadability levels to the textbooks, the results of both formulas
indicate that these science textbooks require above-average reading
ability. Kass and Jacknicke also report finding considerable variation
in reading difficulty in different parts of some books.

The problem of high readability of these textbooks Ts compounded
by the wide spread,in reading ability in‘eve;; classroom. Usiﬁg a

simple rule of thumb as 2/3 x grade level = minimum spréad of reading



Table 2.1 L
Average Readability Levels af Thieo o lement oy
Science Texthook Serics ’ ..
e ‘.‘;‘, N J
— ‘;1__.4 ;-~_<:;:: ;}____.__"- S
Dale=thall )
Readability Formula Foa
Average Readisg CAverage -
Grade Level S Grade L
Grade 4
Barnard et al. 5 to 6 : ]
Brandwein et al. ? 5 1o 6 8.1
Fischler et al. 7 to 8 ' y.o
Grad e 5
Barnard et al. . 7 to 8 § 8.y
Brandwein et al. "7 to 8 7.3
Fischler et al. - : 7 to 8 8.3
Grade 6
1N ) . . .
Barnard et al. 7 to 8 . 7.3
Brandwein et al. 7 to 8 8.9
Fischler et al. 9 to 10 i 11.3
»
< o .



ability, Kass and Jacknicke note that therc would be a minimum spread

of four years in reading ability in a typical grade six class. This
would indicate that some pupils woula be reading at the grade seven

or eight level while others 'may be reading at the grade three or four
level. ' 2
Utilizing a ranking of readability according to three informal

levels, independent reading level, instructional reading level, and

frustration Xeading level (Johnson and Kress, 1965), the reada-
bility of all~three science textbooks would be at the frustration
Jlevel for the vast majority of pupils at each grade level. It is

most tikely that these textbooks are required to be read independently
by the children. The independent reading level requires at least 90
percent comprehension (Bettsy 1946). At be-t, the children wouldﬁ
receive a nBnimum of instruction from science teachers in interpreting
some of the information in the textbooks. The instructional reading
level, however, demands that the material not be too aifficult,‘
yielding at least 60 percent comprehension (Spacge,‘l96b).

‘ ‘Kass and Jacknicke conclude that thg textbooks used in‘fﬁeir
study would present excessive diffi%ulty to maay children who are
feading in what is considered the‘gierage range (grade level plus or
minus one). Extreme frustration cou]d be anticipated using these
materials with children reading considerably below grade level.

) ’
.Limitagjﬁns of Readability Formulas in
Assessikg Textbooks in Content Subjects

is possible that the traditional approach to determining

/7 q

' kA
nt subject textbooks by the use of readability

readability o

16



tormulas fails to measure reading diffighlty accurately because it
does not take into account the specialized writing used in these text-
books. The specfalizcd language includes not only vocqbu]ar; and
concept difficulty of specific terms, but the syntax or Stylg in

which the information is conveyed. The style involves not only

syntactic or grammatical cohplexity. but the relation and inter-
retation of rather abstract ideas which results in logical complexity.

o

It is Safk;to assume that an index of reading difficulty based on all
factors-gf syntactic and logical complexity would rate content subject
textbooks much higher than do traditional readability formulas.
Pennock (1974) postulates another reason for traditional
readabiiity for: 15 undefestimating the difficulty of non-fiction
materials such as textbooks in science. Most readability formulas
are based on a criterion of 50 percent comprehension. A 50 percent
comprehension score may well be insufficient for learning material.
Résearch has shown that 60.percent is @ minimum level of compre-
hension at the instructional level for maximum learning of informatiqg
to occur (Spache, 1964; Bormuth, 1969).

Advantage of Cloze Procedure in
Determining Textbook Readability

Bormuth (1964) advécaies the use of the cloze technique for
assessing the reading comprehension of children in the upper elementary
grades. He als s_ggests that the cloze procedure be used as a means
‘of determining readability in content subjéct areas which use
specialized vocabutar (Bormuth, 1967).

The cloze procedure, developed by Taylor (1953) refers to



« N
omitting every -nth word from material to he read, and replacing
: \

the deleted word with a blank. Tgé\reader is required to till each
\
blank with a word appropriate to the context in terms of both meaning
and grammar. The degree of comprehension‘is the extent to which a
person who has read the passage can replacé the deleted words
correctly. Those passages on which higher <cores are obtained will
be regarded as more readable than those on which lower scores are
' \

obtained.

The cloze procedure of assessing reading comprehension, and
thereby textbook readability, allows thé reader to use his knowledge
« ' language patterds and his ability to respond to contextual clues.
't would also necessitate relating and interrelating facts and ideas,
and so would determine the reader's ability to do this correctly. .

This would yield a more valid index of reading comprehension or

comprehensibility of textbooks. The cloze procedure also provides

a means of analyzing which words, phrases, sciatences or relationships
produce the greatest difficulty.

Recently Daugs (1974) investigated the readability of a high
,school biology textbook used in grade ten by means of the cloze
procedure. On the basié 6f’his_inQestigation Daugs found that
informal reading inventories and cloze scores indicate that readability

- formulas score the readability of textbooks too low.

Need to € ‘#\yntactic Complexity
in Readabillty

An application of t.arsformational grammar analysis to

readability data obtained by the cloze procedure has merit as a means



?
of determining which grammatical Factors within a sentence contribute

to i{;rdifficulty. The specialized 5tfle ot writing may be the most
critical factor in the reading difficulty of textbooks in the content
subjects.

In recent years there has been great intérost in the develop-

ent and application of syntactic complexity formulas to determining
readability. A syntactic complexity formula developed by Botel and
Granowsky in 1972, and Botel, Dawkins and Granowsky in 1973, both
reportéd by Dawkins {1975) was devised basically identifying as
many of the elements of syntax as possible and ratind them on a
hierarchical scale. Dawkins suggests that this forplila can be checked
.by using it on a variety of selections and comparing the resul{s with

hat of traditional formulas.

Gramma({;al Processes in Syntactic Complexity

Although chifldren can speak and comprehend many types of
sentences when they enter schoélg differences between oral and‘written
Ianghagé will cause difficulties for children when interpreting written
material. This is due at least in part to the greater variety and
complexity of ‘language patterns and a(rangeﬁents in print. To
facilitate comprehension, writers of children's books attempt(to
coﬁtrol the céﬁplexity of written.language.

Ruddelfi(l965) studied the relationship between syntactic
structure of written language and reading comprehension of‘élementary

school children. His research found that comprehension was greatest

on patterns of written language which most closely correspond to



their oral language patterns.
Textbooks in content subjects such as mathematics and science
use specialized styles of writing appropriate to empirical sciences.

It is not always possible nor desirable to control strictly the

language used in the sciences. That complexity which is an integral

part of sgﬁentific writing, for example causal and implicative
propositions and the relational sentences in which they are stated,
must at least be recognized. - |

According to theories of traﬁsformational grammar, there are
a variety of grammaticél transformafions that can increase the
complexity of sentences at the surface level as well as . the deep
structure or meaning level. Dawkins (1975) lists six processes .that
produce the variety and complexity among sentences, in the English
language: arrangement, rearrangement, addition, deletion, substitution,
and agreement. The first four of these'processes, arrangement,
rearrangement, addition, and deletfgﬁ, are used most frequently in
the Ianguage patterns of scientific writing. '

The Process of Arrangement:
Negative Expansions

The process of arrangement refers to the order of elements in’
simple sentences. lIncluded in the arrangement process are ''nmegative

expansions,'' that is, the expanding of any main verb with a negative

'not

"‘or 'n't.' Negatives occur frequently and are grammatically

v

simple, but they do contribute to syntactic complexity and may create

difficulties in reading comprehension.

[}

Negatives used in hypothetico-deductive statements requirextha‘grﬂmh:



use of different, more complex forms of logical reasoning. The

'not' may be used in a variety of ways in statements resulting

negative
in varying complexities. For example, one or two negative expansion

processes may be added to the basic sentence:

If air is heated, then it will rise.
If air is not-heated, then it will remain stable.
If air is not heated, then it will not rise.

The Process of Rearrangement: Question
Transformation and '!f-Then' Inversion

Rearrangement includes a number of transfofmations which
retain the elements of a simple sentence but change the form of the
sentence. They include the duestion transformation and changes in
word arrangement.

Because of the extra process that goes into a rearranged
sentenée, we can hypothesize that it i; more difficult than the simple
sentence from which kt is derived. The analysis and processing
required to answer a question may indeed be an additional difficulty,
for a question refers to information in;]inguistic form (Bormuph,,l969).

Whenever the expected word‘order is not followed, we can
hypothesize that the rearrangement aqu a degree of difficulty. For
example, when the 'if-then' arrangement in .a@ conditional sentence is
violated, we can assume that it gives the reader a somewhat harder v
tésk, for the violation of one's expectations o} predictions may
interfere with the processing of the entire sentence. "1f-then'

inversions in sentences are infrequent and therefore not highly pre-

dictable. Such refocusing may well be more difficult for the young



reader to process.

The Process of Addition

Addition as described by Dawkins is the essential process in
the production of complex sentences.

Addition may not be the only process in the formation of
complex sentences, for when we add sentences the syntax may
also involve the processes of rearrangement, substitution,
or deletion (p. 12}.

The process of addition is most commonly accbmplished by
using connectives, particularly coordinating and subordinating
conjunctions, to link and relate ideas in compound and complex
sentences.. Although coordinating conjunctions (and, but, or, so, for,
yet) are céqsidered less difficult than subordinating conjunctions,
all coordinating conjunctions are more difficult to process than 'and.'
" Katz and Brent (1968) found thét young children had difficulty with
the adversative 'but.'

Robertson's (1966) study showed a significant relationship
between a.child's understanding of connectives and‘reading compre-
hension test scores. Although there was an incfease in understanding
of connectives from grades four to six, Robertson found that certain
conneétives, including 'however,' 'thus,' and 'although' were at the
1owestacomprehension levels of the total sample. These particula
language constructs are not usually used by children and are seldom
found in their reading méterials.

The process of addition, accordfng to Dawkins (1975), may also

involve the adverbial function by means of words (adverbs), phrases

(usually prepositional phrases), or clauses. Adverbial phrases are

2



structurally more complex than simple adverbsi Different tybes of
adverbial- sury in difficulty for children. Vygotsky (1962) found
causality to ve more difficult in meaning than time. Similarly,
conditionality may‘well be more difficult than simple causality.

Adverbinl clauses are subordinate clauses which cont;ibute
the additional'complexfty of a whole sentence, which is what a clause
s essentially. They begin with subordiﬁate conjunctions ‘after,'
ibecause,' Yif,! 'since,‘.'where,' 'when,' all of which involve
differences in meaning.

Adverbial clauses would be expected to be more difficult than

words and phrases simply on the basis of their length and structure

But there .is evidence (Vygotsky, 1962; Robertson, 1966; Katz and Byent,”

1968) that some of the difficulty would lie in the meanings of some

of the subordinate conjuncfions. Research does not offér definitive
answers on the relative complexity of, for example, 'if' as opposed

to 'because,' but it may be safe to assume that conditiona]ity is more
difficult than causality. Among the most difficult test items in
Robertson's study were longer clauses than those students commonly use
which included adverb clauses of condition or concession.

Because students also had some difficulties in conjoining
ideas with 'énd' and 'but,' Robertson postufated that children may
have difficulty holding information units in short term memory in
reading comprehension. Dawkins (l975?~also raises ''the question of
distance between subject and verb resolution' (p. 29). The addition

of a series. of qualifying words or phrases that increases this distance

would likely make the sentence more difficult. Similarly, the addition

23
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of words, phrases and clauses between the antecedent and consequent
in a conditional sentence increases the burden on memory and complicates
the logical process. The role of memory in reading comprehension was
studied further by Jackson (1970). |
The majority of sentences in print beyond the primer level
involve multiple additions, that is, addition of more than two
éentences. The more additions to a Senten;e, the‘greater the diffi-
culty. Moreover, rearrangement and deletion processes are usually
’also present in syntax Fhat.involves additions, contributing additional
%+

complexity. Dawkins (1975) offers thié summary of the effect of the

processes of a''ition on syntactic complexity:

Until i been proven otherwise, we can assume that each
additional ¢ adds an element of complexity. And when a
particular s .. - - is infrequent, we have another indicator
of difficulty. Fin ly, we suggested that the subject-verb
relationship is hasi~ in syntactical meaning, so when that

relationship has ' =2e~ ~ade less clear than usual (by the
operation of. the t.- o hy a possible ambiguity), then still

another element of d:“fi. 1ty has been added to a sentence
(p. 24).
The Process of Deletion: 'Then' Deletion

Deletion transformations remove certain words or parts: of
sentences according to rules of grammar without substantially changing
’ETfaning. Although deletion makes a sentence more compact, if reduces
clues to meaning thereby adding to sentence difficulty. gFor example, (:
the word 'then' which serves to~in§roduce the consequent may be
removed from a conditional*sentence:
If the air is heated then it will rise.

If the air is heated it will rise.

In this example the reader must supply the missing 'then' to the second



sentence when interpreting it.
_ Deletions may cause difficulty when children must contribute

information to a sentence in order fo comprehend its meaning.

Children in thoir’everyday usage do not omit 'then' from their speech

or writing. O'Donnell; Griffin and Norris (1967) found that structures

produced by deletion transformations appear relatively late in

children's oral language.

Fagan (1969), using transformational grammar, investigated
the relationship between reading comprehension and the number and
types of transformations in basal readers used by children in the
upper eleﬁentary grades. He found deletion to be among the most
difficult transformations for children to process. éosens (1974)
studied the effect of deletion produced structures on the word identi-
fication and comprehension of children in grades one and two. She ™
found that the presence of deletion transformations was Hegatively
related to sentence comprehension. ] )

The implied 'then' is a structure which lends a smoothness
and certain sophistication to adult ianguage. Adults, therefore, may
not eiper}ence difficUlty‘with 'then' deletion, but children con- .
ceivably would. ;Research has shown that children comprehend best
those language structures which are closest to their usage. Since
children commonly retain 'then' in conditional statements, it .is
possible that deletion.of "then,' as foreign to children's lénguage,
would create problems in comprehension.

Sentence patterns which are the result of any of the above

grammatical processes will likely affect the degree of understanding

o
foal
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which a child derives from what he is given to read. If a child is
to understand fully what he reads, he must be able to analyze the
‘written language patterns in which the information is conveyedi In
order to decide what structures to teach children to analyze, it is

first necessary to know the types of structures used in books written

for children.

The Relationship of Language and Thinking

Language and thinking are so interrelated that they mus t be
considered together. Language is the main vehicle for advanced
thinking and reasoning. It is generally accepted that language also
has a certain amount of control over thinking. Conditional ideas
evoking hypotheses,and bossibilities, for example, are rooted in the
conditional sentence. According to Thomson (1959},

Without the senfence, cons idered és a conditioning and

generalizing device, elementary reasoning could not be
carried out with efficiency and ctarity (p. 175).

X

Relationships are stated in sentences, and cumulative abstract thinking

requires the use of linguistic structures.

Development of Laqguage/and Thinking

| As children mat;re they gradually acquire the language
structures that carry the various kinds of thought. ‘Loban (1963)
followed the language déve]opment of eleven kindergarten classes
until they had completed sixth grade. He found that as children
ibecome older and more effective in the use of language, their Tanguage

" tends to express more tentativeness, more supposition, and more

conditionality.

26



Two of the foremost developmental psychologists of thi-
century, Piaget and Vygotsky, agree that children ﬁay use expressions
of propositional thinking é&xpressing lddicql relations long before
they fully grasp the logic, or the “structures‘of meaning corres-
ponding to these syntactic forms' (Vygotsk;, 1962, p. 205. According
to Piaget (1962) children do not grasp completely the lpgic of
relations expressed by connectives until they are well into high
school. The use and development of language nevertheless is important
to érowth in the ability to think and reason. Although Vygotsky and
‘Piaget agree on the necessity of lénguage to cognitién, they hold
somewhat divergent positions on the subject of the relationship
befween Iangdage and thinking in a child's development. ®

Piaget regards language as an outside agent in the child's
~developing thought that comes to serve him by translating his
personal symbols into meanings held by society. The child's use of
speech and language dées not substantially affect the development
of personal symbolic structures.

Although the symbolizing and verbalizing occur almost
simultaneously, Piaget seems to view them as separate operations.
Unless the teacher be lns~with‘the Ehild's spontaneous structures,
adutt Ianguage'js likgly to confuse the child's thinking or allow
him to settle for verbalized statement of an idea without knowing
what it means.

In contrast to Piaget's emphasis on the structuring of thought
symbols by observafion and manipulation of the environment-prior to

the injection of language, Vygotsky's emphasis is on the language of

27



the children and the adult teacher in the creation of thought. The
‘carly interaction between the child's complexes (similar to Piaget's
structures or schemata) and the language Qf the environment i crucial.
According to Vygotsky, the child's egocentric speech'becomogi

the inner speech that is the shorthand of thinking. This speech is

not accompanying thought; it "serves mental orientation and conscious
understanding.' Inner speech is théLght con ccted with words, althought
“Inner speech is not the interior aspect of external speech—it is A
function in itself' (1962, b. 133). Vygotsky views 'pure thougﬁt”

as nonlingual- and conceived all at once, but he places inner specch

just prior to the emergence of a ''pure meaning'' and sees it as the

first step toward preparing a thought for communication. He concedes

that 'Words play a central part . . . in the development of thought"

(1962, p. 153).

The Grammar of the Word 'If'!

Structural Inguists such as Fries (1952) distinguish between

lexical and grammaticad in the English language, Léxical words

are considered to pe the ''content'' words of the language, referring

to things, actions and qualities in the 'real" wo?ld. The grammatical
words do not refer to the ''real' world, but are "function' words such
as 'may,' 'the,' and 'if' which serve to provide the sentence struc-
ture or framework for the lexical words (Wardhauéh, 1969) . Linguisfg;y
concede that the distinction between ngiﬁa] and grammatical words is

*not clear-cut, but it is useful, and points to the importance of the

grammatical meanings in sentences. - .



Lefevrie (1970) divides all Englich words into two cate.

whiich he labels "reference'” words (analoaous to Texical o o

)

words), and “structure™ words {analoqous to grammatical o1 tu o

words) . Structure words, aecording to Letevie, mark of t o truct
clements within®sehtences, and also signal relationships betwe:

ssentences as wellyas among sentences in extended discourse.

o
-

Lefdvre states that there are approximately 300

ot e

or Mempty' words which have no referenty in the real world out:.
the Tanguage system.  These words make up nearly halt the Dolch
of the 220 most commonly used words, and are among the first th. -
children learn to read. Although they are ecasy to read, their

N b ) - -

nature may make them difficult to understand.

N

Because structure words identify many syntactical elements,
and also yignal the structural and semantic relationships
among the elements, they are both meaningful and rather
abstract {(Lefevre, 1970, p. 198).

Lefevre groups structure words into five major sets of
"markers,'" or sets of words that identify and mark off main «yr ¢
elements:

. Noun markers (articles and other words that serve a

similar function).

2. Verb markers (auxiliaries, modals and others that s=

a simitar function).

3. Phrase markers (single prepositions as well as grous ===

.

4. Clause markers (all conjunctions, words, and groups

serve similar functions..

5. Question markers (words that start questions).

N

Clause markers, according to Lefevre (1970, p. 217), inc




three main groups: coordinating conjunctions, subordinating conjunc-
tios «, and 3lntcncc connectors. He applies the name "correlative
conjunctions' to'coordinate or subordinate conjunctions tﬁar wOT k
together in pairs. Examples of correlative conjunctions, which markl

clauses as well as other syntactic structures, are: ‘'either . . . or,

"neither . . . nor, ‘whgn .. . then,' and "if . . . then.
‘ In structural iorms, the word 'if' is a wubordinate c¢lause
marker which may also be called a sentence ''connector' or "connective'

indicating a cqnditional connection (Gleason, 1965, p. 342). )
According to Gleason, the Eng[ish language has a great variety of
clause connectors having greatly varying pat;erns of use. This
féaturo ﬁives the lapguage great flexibility, particularly in written
/
form. -
I't permits the signaling’of complex interclause relationships
with great precision when this is desired, or more loosely
‘when that = oreferred (p. 344).

Inherent in this flexibility, however, is possible confusion
over inteﬁded‘meaning. Glea§gn emphasizes that it is necessary to
distinguish between grammatical relatfonshjps and logical relation-
ships. For e‘xamplev in the sentence 'If air is heated it will rise,’
"if air 4s heated' is connected Somewhaf loodely grammatically and
structural]y to the main clause, but it adds a‘precise logical
relationship and changes the meaa}ng of tHe sentence substantially.
Ltautions Gleason: ‘ -

Logical coordination énd subordination have no necessary

connection witq'grammatical coordination an:z stbordination—
this is an important fact about English (p. :74).

‘ Y
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Ditterential Uses of the Word 'If!

It i obv ous that lexical wmrds‘have multiple moaninqg in
the Enalish tanguage. But function words such . as '"if' also have a
variety of meanings and differential uses, and these require the

reader to make decisions about the precise meaning the word has in a

particular context.

The Intermediate Dictionary (Gage, 1963, p. 441) 1lists four

meanings of the conjunction '"if': (1) supposing that or in case that;

(2) on condition that; (3) whether, and (4) although or even though
(informal).

Writers and educators alike make the assuﬁption that grammati-
cal words have a single meaning. As a result, they ignore the

decision making process that must take place to de&ermine the correct

meaning in a particular context and the difficultiés this may entail.

g {\
Role of Relational Words in.Reading
Comprehension and Readability

c

Many studies have found that’ the critical words in reading
comprehension are wprds which serve to relate ideas. iThese relational
words afe a class of function or structure words which can be called
"logical signs" (Fodor and Katz, 1964), or'”TOQical operators''
(Rawson, 1965; 1969). Difficulties in comprehensidn:are‘ﬂikely to
result wheﬁ children neglect the logical function éf Qords such as "if.'

Although the words which serve as Iogical_operators (for
example, 'if')({are easy to read, they may be the most difficult for

children to understand because they have no referents in the concrete

world. They have meaning in logical relationships, and their
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grammatical function is to relate elements between and among scntences.
Writers of children's textbooks have long heen aware of
problems associated with lexical word meanings, and as a result have
attempted to control concepts and vocabulary at various grade levels.
They have been much less aware, however . of problems inherent in
structural meanings and logical functicns of "simple' relational
*
words. The logical complexity of related statements may be much

greater than the syntactical complexity of the sentences in which

they are conveyed, at least for children.

The Logic of the Word 'If'

Logic may be defined as a branch of thought or reasoning that
is concerned with the objective reiation between evidence and con-
clusion (Keene, 1961; Ennis, 1965; Salmon, 1973). Statements of

N / ’ . .
evidence and conclusion are commonly referred to as an "argument .’
A logical argument consists of o:-. o re statements of evidence
and one statement which is the 3 nclusica. The statements of evidence

are called ''premisés.' Premises «i~ tated as facts, and are offered

as evidence for the conclusion. . o
. - .

The Role of Logic in Science

Another function of logic, according to Salmon (1973), has to
do with thinking or reasoning. When people reason, they make infer-
ences. These inferences can be used as premises to justify a conclﬁ—
éjon. Much of our scientific knowledge is the result of making
inferences.

For example, until very recently, scientists believed that



Venus was a very wet planet as a result of receiving a great‘dval of
almost ceaseless rain. Scientists had not seen rain falling on Venus,
but they did see tﬁe planet shrouded in thick clouds, and inferred
that it was subjected to heavy rains. On the basis of the factual
data available, i.c. Venus is surrounded by thick clouds, scientists
were able, by means of inductive reasoning, to infer that there was

a great deal of rain falling on Venus and that Venus was a very wet
planct.

This conclusion was recently proved fagtua/lly incorrect by
information relayed by sophisticated equipment which landed on Venus.
The Iogic of the original argument, however, is correct. The
scientific generalization (rain on Venus) has an inductive relation
to its premise based on observational evidence (clouds surrounding
Venus). The logical correctness or logical truth (often catled
“validity") of an argument does not.depend upon the factual truth of‘
premises or conclusion, but on the necessary truth of the relation
between premises and conclusion. In the same manner, the validity of

an inference is "independent of the truth of the beliefs or opinions

which constitute its evidence'' (Salmon, 1973, p. 9).

The Role of Language in Scientific Logic

Fodor and Ka;;\ilgﬁh)‘sge the role of logic in empirical .

science ‘as that of éurnishingvjnétruments for deduction, ''for the

transformation of formulations of factual, contingent knowledge'

(p. 420). They contend that an analysis of language and its applica-
tion must also be an integral part of an analysis of theoretical

procedures in ‘science. The material on which the scientist works in
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his theoretical activities, including_roporrs of observations, scienti-
fic laws and theories, and predictions, are formulated in language.

The making of inferences is also dependent upon language as
a vehicle. According to Keene (1961),

inferring is a different kind of performance from

stating . . . inferring is a performance having as its components

the making of successve statements. When we infer, we make a

step from one or more statements to another. The "direction"

in which the step is being made is by means of such words as

therefore'' and "then' (p. 67).
Thus, we use a sequence of statements for a single inference.. When
we infer, there are at least two sentences with which statements
could be made: at least one statement from which we are inferring,
and one statement to which we are inferring.

Inferences may then be appraised as valid (correctly reasoned)
or invalid (incorrectly reasoned) by reference to logical rules. In
considering the correctness of an inference it is necessary to examine
the sentences used in the argument. The correctness of the reasoning

depends upon the correctness of relationships among the sentences

used.

Inductive apd” Deductive Reasoning"

PhilNosophers haVe delineated many types of logical reasoning.
.Two major typgs used inuf?pirical séiences are induction and deduction.
- Inducfive reasoning involves inferring on the basis of
premises (fécté or observationalwévidence) to reach a conclusidn_not
present or implied in the premises. Induction arrives at inferences
by going Beyond available data. Scientific generafizations are con-

clusions reached as a result of inductive reasoning.from supporting

0
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observational evidence.
€.g9. Every planet that has ever been pbserved'has an orbit.
THerefore, every planet has an orbit.

Deductive reasoning, on the other hand, is firmly rooted in:
data stated or implied in the premises. |t involves reaching a con-
clusion only on the basis of data (facts or inferences).in the
premises. All of the information in the conciusion is ?lready
contained in the premises. If all of the premises are true, then
the conclusion must be true. The logic of mathematics is deauctive.
The following is an éXample of deductive reasoning in science:

' Every planet has an orbit.

Pluto is a planet.

Therefore, Pluto has an orbit.

-

Salmon (4973) offers this summary on the different functions
7\

of deductive and induct[ii/frguments in reasoning:

The deductive argument is designed to make explicit the
content of the premises; the inductive argument is designed
to extend the range of our knowledge (p. 15).

Conditional Eogfc

s

Deductive logic is regarded as central in'critical thinking
by Ennis (1965), who states that there are three recognized fypes
of deductive‘iogic: sentence, class logic, and ordinal logic. He
defines sentence logic as

being concerned with arguments in which the basic units
are sentences. That is, distinct sentences, often connected
ar modified by such logical connectives as 'if,' 'only if,’

"then,' 'and,' 'or,' 'not,' and 'both' . . . (p. Ili-L4).

A sentence which contains the conditional 'if!' may be called
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‘}.a conditional sentence. Conditional logic deals with statements
containing the word 'if' which iﬁtroduces conditions upon which the
truth of the rest of the statement containing them depends. The bart
of the sentence introduced by the word 'if' is called the "antecedent.'
It contaips the~premise or premises stated as a condition for what is
to follow. The rest of the sentence, which may be introduced by the
word 'then' is called the ''consequent.'

The antecedenté and consequents of conditional sentences are
propositions, and as‘such, are statements in their own right. A
conditional sentence expresses the relationship between the proposi-
tions, or betwe;n the antecedent and consequent, in a specific form.

The connectives 'if — then' place two statements, or propositions,

in definite relation to each other.

Logical Forms of Conditional Statements

Logicians have worked out specific forms, or laws, of con-
ditional statements. There a%e three chief forms of conditional
reaséning in deductive logic (Salmon, i973):\

1. Modus Ponens (affirming the antecedent).

2. Modus Tollens (denying the consequent).

3. Transitivity.

The law of modus ponens, or affirming the anéecedent, take§
the form ’ .
Ig p, then g. e.g. If an animal is a dog, then it has a tailw
p.- Sam is a dog.

Therefore q. : Therefore Sam has a tail.

The first premise is a conditional statement, and the second premise

#

36



37

affirms or asserts the antecedent of: this conditional. The conclusion

of the argument is the consequent of the first premise, therefore,
the argument is valié.

This 'if-then' relation, however, is not symmetric (Ennis,
1965; Salmon, 1973). An argument which takes the following form is

considered to he invalid because the affirmation of the consequent

does not imply the affirmation of the antecedent.

(f p, then q.. e.g. If an animal is a dog, then it has a tail.

Therefore, if q, ‘ Therefore, if Sam has a tail,

Then p. . : Then Sam is a dog.

(tnvalid) (Sam may be a cat.)

Similarly, the denlalfci“the antecedent.does not imply the

denial of the consequent. Q\

If p, then g. e.g. If an animal is a dog, then it has a tail.

Not p. ’ Sam is not a dog.
. Therefore not q. Therefore Sam does not have a tail.
(Invalid) " (Sam may be a cat with a tail.)

RS o

The law of modus tollens, or denying the consequent, may be

expressed in the following manner:

__‘-\\\ If p, then gq. e.g. If an animal is a dog, then it has a tail.

Not q. Sam does not have a tail.
Therefore not p. Therefore Sam is not a dog.
7
The first premise iis a conditional statement, and the second premise

is the denial or negation of the consequent of that conditional.

Another valid form of denying the conseguent is:



If p, then not q. e.q. |If an animal is a dog, then it does
npot have wings.

Therefore, if q, A Therefore, if Polly has wings,
. Then not p. o Then she is Hot a dog. »
The consequent of the first premise is a negaﬁivé statement, so the
second premise, which is its denial, is affirmative.

The principle of transitivity takes the form

I'f p, then g. e.g. If an animal is a mammal, then it is
warm-blooded.

if q,: then r. - If it is warm-blooded, then it produces
milk for offspring. :

,
Therefore, if p; .Therefore, if an animal is a mammal,
Then r. ~ Then it produces milk for offspring.
The principle states that if p impl es q, and g implies r, then p
implies r. Here the 'if-then' relationship is transitive.
Logicians have formulated rules and .principles of reasoning,
but they do not attempt to describe or explain the mental pﬁocesées

that occur when pe C ink, infer, 9r reason. That is the concern

of psychology.

Logic, Psychology, and Development
of Logical Reasoning

The Role of Logic in 2
Developmental Psychology

Piaget and his aséociates applied ]ogicai techniques to their
study of thought structures found at different levels of intellectual
deve]@pment. Théy‘found that the "algebra of logic” helped them to
specify psychological structures. In his introduction to Piaget's

Logic and Psychology (1957), W. May states:.
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The psychologist for his part welcomes the qualitative
character of logic, since it facilitates the analysis of the
actual structures underlying intellectual operations, as con-
trasted with the quantitative treatment of their behavioural
outcome. Most '"tests'' of intelligence measure the latter, but
our real problem is to discover the actual operational mechanisms
which govern such behaviour, and not simply to measure it

(p. xviji).

Piaget (1957) uses the term "operationalism' and describes
it as Qfoviding real ground for the meeting of logic and psychology.
He defines ”operat}ons“ as '"'actual psychological activities' and
states that a system of operations is what all effective knowledge

is based on (p. 7). He states further that

Psychologically, operations are actions which are inter-
nalizable, reversible, and coordinated into systems characterized
by laws which apply to the system as a whole. They are actions,
since they are carried out on objects before being performed on
symbols. They are internalizable, since they can also be
carried out 'in thought without losing their original character
of actions. They are reversible as against simple actions which
are irreversible (p. 8). ‘

Piaget argues that experience or "empirical truths'' cannot

be considered as separate from logical relationships. He states that
| S

b . - - H
Yexperience cannot be interpreted in abstraction from the conceptual

and logical apparatus which makeggsuch an interpretation possible'

(p. 4). He also maintains that logical relationships never.appear
\ .

as.a simple system of linguistic or symbolic expressions, but always
\ 7
imply a group of operations actyng as a whole. This is true through-

\
out the logical development of childten as well as in m. arity.

Logic, in fact, appears relatfively late in the thinking of

chi]drén. According to Piaget, the irst operations dealing with
classes occur between 7 and 8, apd those concerned with propositions

between 11 and 12, on the average. From the point of vie. . °
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deve lopmental psychology, the criterion for the appearance of opera-

-

tional systems is the construction of "invariants' or concepts of
conservation. Piaget (1957) conceives of conservation as the result
of operational reversibility. ‘ s

Piaget has defined four main stages in the construction of
operations, or logical development. These extend over the periodA
from birth to maturity. By means of these stages, Piaget and his
associates attempt to describe the continuous'cognitivg development,
leading from the infant's initia) sensorimotor actions to the most

abstract mental operations of the adult.

Piaget's Stages of Intellectual
Development

Piaget maintains that the origin of all intellectual operations

is to be found in the initial stage of development which is character-

ized by sensorimotor actions and intelligence.

[3 R
At about the age of two years a second period begins, the

onset of which is

marked By the formation of the symbolic or semiotic
function. This enables us to represent objects or events that
are not at the moment perceptible by evoking them through the

agency of symbols or differentiated 'signs (Piaget, 1970, pp. 30-31).

Piaget and Vygotsky agree that the highest example of this process is
language itself. This period of intelligent thought, however, in
Piagét's terms, remafné ""]preoperational."

vAt about seven or eight years of age a third period begins

which sees the formation of mental operations, including the linking

and dissociation of classes and the linking of relc -z, These mental

operations, however, '"'are still applied solely to objects, not «to

L0



hypotheses sel out verbally in the form of propo(ilionx“ (Piaget,
1970, p. 32). Because all these initial operations are still close
to and dependent on the actions which give rige to them, they are

termed ''concrete' as opposed to ''abstract.'

+

The beginning of abstract reasoning heralds the onset of a
fourth and final stage of cognitive growth at about eleven or twelve
years of age. Piaget (1970) describes the thinking at thic stage thus:

This period is characterized in general by the conquest of a

new mode of reasoning, one that is no longer limited exclusively

to dealing with objects or directly representable realities, but
. also employs '"hypotheses,' in other words, propositions from

which it is possible to draw logical conclusions without it being

necessary to make decisions about their truth- or falsity before

examining the result of their implications. We are thus seeing

the formation of new operations which we term ''propositional,' in
addition to the earlier concrete operations: implications.
("if . . . then'), disjunction ("either . . . or''), incompati-

bilities, conjunctions, etc. (p. 33).
@,

This period of formal propositional or ''abstract'' reasoning is given
the name ''formal operations'' by Piaget.

Logical Reasoning in the Formal
Operational Stage

- . B

In his book The Developmental Psychology of Jean Piaget (1963)]

Flavell states that '""The most important general property of formal
operational thought, the one from which Piaget derises all others
concerns the real versus the possible" (p. 204). It is the ability
_to deal with the possible rather than just the real that suppbsedly
is unique to the formaj operational period.

Childish reasbning between the years seven ta\eight and eleven
to twelve will be reasoning based on direct obserQat?::\or expérience,

and connected with actual belief. Formal reasoning, on the other hand,



connects assumptions or propositions in which one does not necessarily
believe but which one admits in order to see what consequences théy
will lead to fPngct, 1928);
More gﬁgcifically Piaget (1950) says that the formal opera-
tional thinker is able to reason °
on the basis of assumptions which have no necessary relation
to reality or to the subject's beliefs. . . . He reliecs on the
necessary validity of an inference as opposed to agreement of
the conclusions with experience (p. 148).
.Eiaget maintajns that propositional reasoning, including canditional
reasoning, is not poésib]e until age eleven or twelve. The child at
the concrete level of operations (from seven or eight to eleven or
twelve years) cannot handle propositional logic (1958, p. 1).

In 1958 Piaget introduced two periods in formal operations,
the first running from eleven or twelve years to :ourteen or fifteen
years, and the second froﬁ fourteen or fifteen years onward. He
holds that it is not until the second period that the child thinks in
terms of necessity of relations instead of constancy (p. 11), and
that the full grasb of nceht "all other things being equal‘II is
attained (p.‘h3). lt.éppears that Piaget believes a child is not
ready to reason by means of propositfonal logic until he is fourteen
or fifteen years old, on the average.

That Piaget (1950) considers conditiona]s to be central to
propositional logic is seen in the following quotat}on which, in
referring to implications between propositions, is referring to
conditionals:

Formal operations, therefore\consist essentially of
“implications'' (in the narrow fense of the word) and
'contradictions' established between propositiohs which



themselves express classifications, seriations, etc. (p.

Children's Condition. Jic Reasoning

Abilities and Effectivencss of
Teaching Conditional Logic

E- is's (1965) Study of the rbje nlayed by deductive

s

the critical thinking of adclescents was bhased partly on the
1
Piaget. The age rarqe of children used by Ennis was roughly

eighteen, which corresponds approximately to that of Piaqet '
-~
operational period.

Deductive logic is regarded by Ennis to be a central
critical thinking. He states that he chose to study conditio-

specifically becauue
the if-then relationship is fundamental in all logiz
and because an understanding of conditionals together wit=
conjunction and negation enables one to do other types of

sentence reasoning (1965, p. 11-8).
Ennis uses the term '"sentence' in place of the term '"'proposit c————

"propositional' used by logicians.

To test adolescents' knowledge of conditional reasonirc

o

Ennis and his colleagues developed The Cornell Conditional-Rea

Test, a 72-item multiple choice test covering twelve principles
combination of principles of conditional logic. The list of p-

or combinations embodied by the items are given in the Appendi x

they are presented by Ennis (1965) on pages |1-10 and -1 of

report. Subjects of above average intelligence were selected
classes in grades 5; 7, 9 and 11, and divided fnto,two groups.
group was taught logic intensively for : . -t period of time tc

12

determine the effecti?eness of teaching”™. ,Sl principles at vz
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grade levels. A comparable group of students received no instruction
in logic. These subjects were used primarily for data on the natural-

cultural development of knowledge and logic.

One research question in Ennis's study, whether thereé®,
actually a development of fogical ability as children grow ngéj,f
réceived a définite affirmative answer and supported Piaget's theoryi
Anothgr question asked whether conditional logic was mastered by age
eleven or twelve, which corresponds roughly to children in sixth grade.
If conditional reasoning is mastered by this age, then it should be

mastered by some of Ennis's subjects in grade five,.and by most in

grade seven. Results of the investigation suggested

that there is mastery of some of the principles by some
of the people of age 11-12, but rarely (if ever) mastery of all
of the basic principles and frequent non-“mastery of most of

E/) them (p. V-24).
nnis also noted that conditional reasoning was not mastered by

students in gféde eleven either, although there was considerable
improvement from grade five to grade eleven.

\
The results of the teaching of conditional reasoning by

Ennis's team indicated that there was very little learning in grades

five, seven and nine, but that there was a vast improvement in grade s,

eleven. Ennis concluded that there is noe/mucﬁ point in trying to
/ /
teach conditional logic below grade nine.\m,/

A
In contrast to the generally negative results of teaching
conditional reasoning, Ennis found that for class reasoning there
were small amounts of improver~nt from grade six onward. He'suggest%

the reason for this disparity may be the lack of children's under

standing of the logical meaning'of the word 'if': 'k

Ll



One possible explanation of the marked difference between
conditional and class reasoning is that the major learning

that accounts for the vast improvement in conditional reasoning
was the learning of the sufficient-condition meaning of the

word 'if,' which has no analogue in class reasoning. One
‘difficulty with this explanation is that it leaves one wondering
why theé meaning of this word was not effectively taught in
grades 5, 7, and 9. (1967, p. VI-L0).

I't language and thinking ability are intimately related, then teaching
the vocabulary of conditional reasoning, specifically the meanings

of the word 'if,' should result in increased powers of logical
reasoning.

A later study by Ennis and his colleagues (1969), reported
by Lowerre and Scandura k1973), achieved varying degrees of success
in attempting to teach conditional logical inference rules to children
in, grade three. Results of other investigations in which researchers
attempted to teach logic to ekéhén;éry school children reported in
fhe same article indicated that all were -uccessful to some extent
in improving éh}ldren‘s vCcores on a general test of logic. None of
the studies, however,‘gystematically combined teachjpg and diagnostic
testing. There was no testing before teacﬁing to determine exactly
which rules of logic children knew and the contexts in which they
could use them.

To avoid the limitations of earlier studies, Lowerre and
Scandura developed h{ghly individualized prototype materials for
teaching rules of lagic using ''systematic dimensional analysi;.“

It is“intenaed for use in diagnostic testing and teaching with

.

elementary schoc ‘ldren. Included is a'pretest for each rule to

,

determine each child's ability to use it in a variety of.reading

contexts. Initial instruction is then based on the child's pretest



performance, and each rule presented in more difficult settings
after mastery has bee. attained in simpler scttings. Finally, post-
test scores indicate the contexts in which each rule can be used by

each child. \)

The Role of Education in Fostering
Logical Reasoning

Piaget believes that the goal of education is to present
opportunities for a child to invent and discover. He warns

(o4

When we teach too fast, we keep the child from inventing and
discovering himself. Teaching means creating situations where
structures can be discovered; it does not mean transmitting
structures which may be assimilated at nothing other than a
verbal level (1964, p. 3).

In his later statements about education, Piaget (1970) main-
tains that the question of the child's logic is crucial where intellec-
tual education ?s concerﬁed. Equally important for education.is
knowledge of the conceptual sphere, wgich according to Piaget, involves
at léas; three essential.domains in ghe logical struct >f thaught:
formal:ﬁrihciples, the structure of classes, and the s ire of
retations (p. 163). ‘

Experiments performed by Piaget and his associate Inhelder
(1958) indicate that normally before the age of ten or eleven the
child is not capable of any kind of reasoning, that is, purely verbal
or hypothetfco-deductive sgpbolic logic. According to Piaget (1970),
the difference between the child's thought and formal reasoning is

most glaring in the field of relational logif where he tends to remain

bound by idiosyncratic thought:

In the child, héwevéﬁ,fre]ations.certainly appear to be of
a primitive kind in the genetic ordes; they are at work as early

‘.
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as the sensorimotor phase; but their maﬁipulation on the level

of reflexive intelligence remains difficult for a long time:

individual thought begins, in effect, by judging everything from

its own point of view—and by regarding as absolute character-

istics that it will later come to recognize as being relative

(pp. 165-166).

Piaget regards cognitive growth as continuous, and which

necessarily passé% through all four stages in order. He believes
“that intellectual development is largely dependent on an internal
maturat}on independent of the external environment, but concedes the
"possibility of influencing and accelerating that development' (1970,
erraaert 70)

The .ages at which the various stages occur are nothing more
than averages, and all persons do not attain the highest level even
in adulthood. Furthermore, there are overlapslin logical development
when one passes from'one stage or task to another. 'Abo;e all,

'Piaget stresses that ''each stage of development is characterized much
less by a fixed thought content than by a certain power, a certain
potential activity' depending on the child's énvironment (1970,vp. 171).

Both Piaget and Vygotsky postulated and described several
stages in the development of thinking which correspond roughly.
Neither Piaget's ''stages in the growth of thought'' nor Vygqtshgﬁs
‘'stages of concept development'' are distinct periods or ages in a
»;hild‘s*life. Rather, these stagéé’;EEMEéscriptions of a style of
thinking whichlﬁhe child uses in éoming to terms with his environment.
«hen . he zhild has explored a way of thinking sufficiently to have
cavrlor o the ''schemata' (Piaget) or the ''‘complexes' (Vygotsky) that

r
will support the next mode of thinking, he moves on. Thought structures

a

are built that will support new relationships and connections.

147
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There is general agreement between Piaget and Vygotsky that
children will move from one stage of complexity to the next depending
on the richness of their experiences, quality of dialogue with others,

and concomitant neurclogical development.

Summarx

This chapter has attempted to jgstify the undertaking of the
present investigation.

Teachers of content subjects have long Been aware that
chilaren experieﬁce difficulties a~tting information from textbooks
in spite of readability controls. Difficuliies in reading compre-
hension are often the result of failure. to understand the relations
expressed within a sentence ahd between sentences. As the relations
and the sentences in which they are communicated become more unfamiliar
and complex in textbooks beyond the primary grades, these dffficﬁ]ties
are likely to increa;e as children progress ingb the middle grades.

Science textbooks make special use of conditional relations
by means of 'if-then' statements. Such hypothetico-deductive state-
Ments demand ability to reason according to rules of propositional
logic to ensure full compreheﬁsion. Formal propoéitional logic, and
conditional logic in particular, appears relatively late in éhildren's
intellectual development. |

For these reasons there i; need to know thé types of con-
ditional logic to which pupils are‘éiposed in thertextbooks they are
expected tosread. It is also necessary.£o be aware of gFammatical

processes in conditional sentences which may complicate logic as well



1,9

as syntax, and thus present possible additional hindrances to their

comprehensibility.



Chapter 3
DESIGN OF THE STUDY

Because reasoning ability using conditional logic is just.
beginning to develop among students in sixth grade, it i~ necessary
to know the extent to which children are exposed to this type of
reasoning in their textbooks. There is also need to‘know the grammar
and logic of 'if' as it is actually used in their £extbooks. Multiple
meanings of 'if' and the differential grammatical uses of’this word
must be recognized. It is also hecessar& to be‘aware of the uses of
"if' according to principles of logic. ?inal]y, there is need %3/be
cognizant of various types of syntactic complexity to which a simple
condjtional sentence may be subjected. Such complexities may compound
difficﬁlties in the logical as well as grammatical structure of the
sentence. Having isolated seniences containing 'if,' further amalysis
will determinebsome of the gram&atical and logical complexities present
in the sentences.

T, .nvestigate the frequency, distribution and complexities
of sentences containing 'if,' a number of children's textbooks in
science were Selected and analyzed.

This chapter will present rationales for the choice of grade
and textbooks, and wil} describe the method of sample selection. The
chapter will conclude with a table giving an initial analysis of the

fréquency and distribution of sentences containing 'if' in the text-

books analyzed.
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Analysis of Textbooks

Rationale for Choice of Gréde Level

Children in grade six are usually 11 to 12 years of age, the
time period which marks the onset of abs;ract reasoning powers and
ability to do propositional logic. These abilities, however are
just. beginning at this age and grade level, and studies have shown
that the majority of children are unable to deal with logical reasoning
without »specific and systematic }nstruction. Because children ing
grade six are capable of independently decoding material written for

them, they are usually required to read and to acquire information

from their textbooks without assistance.

Rationale for Analysis of Science Textbooks

Science textbooks are a main source 'of information about
science beyond the primary grades. Teachers find, however, that text-
books are too‘difficult for children even when vocabu]ary‘and concéﬁgu
load have been controlled. The understanding of scientific concepts
and processes involves Iogjcsl reasoning and is dependent ondfgll
comprehension in reading of the relationships expressed in print.

.Science‘textbooks make special use of conditional relations.
The 'if-then' relationship is fundamental to much of logical reasoning.
An understanding of the conditional.'if' and ability to do elementary

-,

conditional reasoning is a prerequisite to most hypothetico-deductive

- r

reasoning in science.

The importance,of'the 'if-then' sentence in science is acknow-

/ _ .
ledged in the textbook Concepts in Science—6~{frandwein et al., 1966).

\
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However, it is not until the end of the book, on page 421, that the
reader is alerted to its significance:

Notice the IF-THEN type of sentence. This kind of statement
is one way in which you make a kind of prediction. If a first
condition is true, then the other condition, which depends on
the first, may also be true. This kind of statement is called a-
hypothesis, or working idea.

Selection of Science Textbooks

The Curriculum Branch of the Department of Education fqr the
'Provincé of Alberta recommends three series of science textbooks to
be used as resource material in classrooms from grad;;\gkg\Ehfough
six. Pupils are expected to make e%tensive use of these authS%ized
textbooks in the uéper elementary grades. This study includes the
following three textbooks ai the grade six level:

Barnard, J. D., Celia Stendler, and Benjamin Spock.

Science for Tomorrow's World. New York: Macmillan,

1966.

Brandwein, P. F. et al. Concepts in Science. New York:
’ Harcourt, Brace and World, 1966.

Fischler,rA..S., L. F.'Lowery, and S. S. Blanc. Science
a Modern Approach. New York: Holt, Rinehart and -
Winston, 1966, :

Analysis of Sentences Containing 'If!'

Method of Sample Selection

The sentences selected for analysis include every sentence
containing 'if' in all three textbooks. Every 'if' sentence was
recorded on 3 separate file card. Each data card included the complete”

sehtence, the page number, and’fhe title of the textbook from which

the sentence was obtained. The total sentence sample was then



subjected to a variety of counts.

\

[nitial Analysis of Number of
Sentences Containing 'If'

The frequency and distribution of all sentences containing
"if' by textbook series is shown in Table 3.1 and provides the basis

for the more detailed analysis in Chapter 4.

Table 3.1

Total Number of Sentences Containing 'If' in the
“"Three Science Textbooks

Number Percentage
Concepts in Science 240 ' 34.985
Science a Madern Approach | 266 38.776
: |
Science for Tomorrow's World " 180 26.239
Total 4 686 - 100

Table 3.1 shows that theré is a total of 686 sentences con-

taining 'if' in the three textbooks. Science a Modern Approach has

the greatest number of these sentences, 266, followed by Concepts in

“Science with 240. Science for Tomorrow's World has the fewest

sentences containing 'if,' 180.

i WY

~ Summary

Three science textbooks at the grade six level recommended for

.

use in Alberta schools by the Department of Education were analyzed

for sentences containing 'if.' A total of 686 sentences were found



in the three textbooks. These sentences were recorded for further

analysis in the next chapter. ’



Chapter 4
ANALYSIS OF ‘TEXTBOOK FINDINGS

I'f sentences containing 'if' which include statements with

‘if-then' propositions are difficult for grade 9{<L5upil§ to under-
stand, the differences in the number of such sentences in textbooks
" ' .
may be one indication of the relative difficulty of the individual

textbooks. However, there are additional grammatical, syntactical

and logical factors in the sentences which must also be considered.

Frequency and Distribution of 'If' in Sample

Of the total ﬁumber of sentences which contain 'if,'. 686
(Table, 3.1, p. 53), nine use 'if' twice, yielding a total of 695
times '"if' is actually present in sentences in the three textbooks.

€.g. li_liéht consisted of tiny particles they woul}ﬁw
surely collide if two beams of light were shined
into each other (Science a Modern Approach, p. 332).
4 |
Table 4.1 shows the frequency and distribution of sentences

containing 'if' twice in the textbooks. Table 4.2 shows the total

number of times 'if' is used in sentences in the three science text-

books. ‘ {

Differential Uses of 'If' According to Meaning

The Intermediate Dictionary (Gage, 1963, p. L441) gives four
meanings of thc conjunction 'if':

1. supposing that, in case that:
- e.g. |If you are going, leave now.
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Table 4.1
Number of Sentences Containing 'If' ?@ice‘
Number N

Concepts in Science ~hy ¢
Science a Modern Approach 3
Science for Tomorrow's World 2

Total

56



Table 4.2

, Tatal Number of Times 'If' is Used in, Sample
Numbe r . Percentag
. Concepts in Science 244 ~35.108
Science a Modern Approach 269 38.705
Science for Tomorrow's World 182 ~ 26.187
' Total : 695 100

e
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.

2. on condition that:
e.g. 1 shall go if you wilt.

k 3. whetﬁer:
e.g. | wonder if he will go.

k. {informal) although; even though:
e.g. If he is little, he is strong.

Three sentences, all of them found in the textbook Concepts

vin §cience, contain 'as if.' The meanings and uses of 'as if' are
guite dtfferent from 'if.' As a result, the three sentences with
‘as if' were not used in further analysis. This left a_ tdtal of 683
’ . -. - . "‘.. .
1) . . ' - . - ' b4 ~ . -
sentences in which 'if' i< used 692 times as da}@ ﬂor;g?bsnr examina-
4 \'.j‘ '
tion. -
' Ai}:l
Table 4.3 shows the frequency and distribution.of 'i‘"' in
the three science te> oks according to the meanings of 'if.'
g a

The majority of Feﬂmences, more than 75 percent, use 'if' to indicate

suppoéition. Approximately 15 percent of the sentences use 'if' as

N

a true conditional. The use of 'if' to mea  'whether' is used in more

than 8 Wﬂ’%nt of the sentences. Less than | percent of the sentences

use 'if' in an informal manner, confirming expectations of formal

ldnguage in textbook writing.
N\ _ B . N . .

&

the meanings of_‘if' presént in the sample sentences. To accomplish
this, two indgpendént judges, both of whom had done graduate Wgrk at
university; were asked to ascribé one of the four mez‘ings to‘ever

'if'{goand in ééch senten : of the textbook sampile.

2 The inter-judge Feliability was calculated according to the

Arrington Formula (1932, cited by Feifel.-and Lorge, 1950, p. 5). 'The

21
il

-

An attempt was made to establish the reliability of determining
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formula is

2 x _agreements
2 x agreements plus disagreements

" The percentage of agreement among the three judges were as follows:

Independent Judges Percentage of Agreement
I+ 2 94.942
. s
2+ 3 ¥ 87.139

v .
Judge 1 was the investigator. Of the total incidence of 'if'

analyzed, 692, there was agreemcné’%hmmg all three judges on 577,

or 83.261 percentage of agreemenfj ¥ o A

Ig fs e&ident that juégé 3 a;é¥g§£d meanings to 'if' somewhat
differently than did judges 1 and 2. The greatest disparity occurred
in those sentenceé'gn whiéﬁ Judges 1 and 2 tended to attribute the
meaning of supposition té 'if,‘ which judge‘3 perceived as a
conditional. It is poséfble Qhat *Ii. third judge has a more liberal
view of what'Const{futés a condition as opposed to a supposition.
Although there was some disagreement among - the judges about what
constitutes a suppo;ition and what constitutes a condition, there
was'compleFe agreement among‘all three judg;s about the use of 'if!

»

to mean 'wheither,' and on the informal use of 'if.' "

\v~> 3

-Syntactical and Logical Complexities in Sample

According to theories of transformational grammar, a number

of grammatical transformations found in the sentences of the sample



would serve to increase the complexity of. the sentences at both the
surface structure level, and deep structure or meaning level. These
transformations include changes in word arrangement, the question

tranéformation, deletion of 'then' in statements of consequence, and

K

various forms of negation.

Sentence Position of 'If' and Variations ..

in '"If-Then' Order

Analysis of sentence data revealed that 'if' is present in
a number of positions within sentences.” It is used to begin sentences,
it is found near the beginning of sentences following aﬁbther connec-
tive, and it is found in the middle pf sentences.

Senten;es which begiﬁ with "if' are written in thg tamiliar

classic conditional form in which 'if' clearly introduces the ante-
cedent and 'theﬁ'-fqllows to introduce the consequent.
o » - o
e.g. If heat is the energy of moving molecules, then
heat energy is one kind of kinetic energy
(Concepts in Science, p. 63).

Of the total number of times 'if' is used in the three textbooks,

wh

slightly more than 57 percent begin sentences to introduce the
conditlon or conditions, after which '"ther? (whether stated or
implied) introduces the consequent’

Most of the sentences in which 'if'/occgrs in medial sentence
position reverse the classical positions of antecedenf and cbﬁécgyent.
The reader must recognize the inversﬁbn of the familiar word order

.

in these sentences. More lmportan%gg,'sugh sentences reverse the

¢

of the inversion in logical form, dist}nguiéh between the antecedent

-

61

logical form of 'if-then' statements. The reader must be cognizant - <
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and consequent, and derive the logical{fOrm of the cond|t|wna‘

e.9. The object must move if w k is done (Concepts in
Science, p. 184).
(IT work is done, then the obJect must move.)

‘THe séntences in which 'if' is present in medial position

of ten contain additional discrete iﬁems of information at the
beginning of.the sentence which also need to be considered by the
reader. This increases both the grammatical and logical complexity
of tHe sentence and demands greater rigor in thinking to process tth
sentence according to the meaning intended by the author. The
following sentence is an example of such complexity.

Imagine for a moment that you believe, as

Aristotle did, that an object keeps moving

only if a steady force is applied (Science .
. for Tomorrow's Worid,/ p. 70).

In some of the sample sentiences information that needs to be

considered prior to and in additipn to the conditional statement is

found in a previous sentence.

e.g. But after a while/the constant force does not
make the bicycle go faster. If it did, you would
ride faster than jthe fastest Jet after a'while
(Science for Tomgrrow's World, p. 75).

Sentences begimning with other logical connectives such as
. .

"however' requiré ah additionhl logical operation to process. Informa-

tion in the 'if' sentence must be related precisely to previous

information by means of 'how ver.'

e.g. However, if a fema]e enters his territory, the
male may do a zigzag dance, which is his way of

“ ‘ inviting the female stickleback to enter the nest
vand dew05|t her eggs (Science for Tomorrow's World,
p. 308). ' o

The following sentence illustrates the complexity in having

to consider necessary information from a previous sentence as well
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as having to derive the 'if-then' form from the reversed logical

order.

Possibly they may be used as a means for human
beings to communicate with the creatures of

other worlds—if they exist (Science for Tomorrow's
World, p. 361). '

Table 4.4 shows the distribution of 'if' according to its

sentence pesitions in the three textbooks.

!
"Table 4.4

Distribution of 'If' According
to Sentence Position

Initial
Position
. with Medial
$' Previous Position
information ('If-Then' -
Initial to be Order .
Position Considered Reversed) Total
No. % No. b4 No. % No.

Concepts in Science 133 ii;lﬁi//ISI . 21.162 57 23.65] 241

Science a Modern

Approach 145 53.903 27 10.037 97 36.060 269

Science for , | | ;

Tomorrow's World.. . 118 64.835 26 14.285 38 20.880 182
Total’ - 396 57.225 104 15.029 192 27.746 692

The textbook Science a yég;:;jkpproach contains the greatest number,

more than half the total found in all three textbooks, of 'if'vin; 
medial sentence-position resulting from reversal of the 'if-theﬁ'

order. The textbook Concept§ﬁ?n Science contains almost twice as

many 'if' sentences in which previous information must be considered

-
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as do the other two textbooks. These may be factors in the relative
difficulty which pupils may have in comprehending sentences containing

"if' in these two science textbooks.

<

Question Transformation in Sample

Table 4.5 shows the number of times the question transforma-

tion is used in sentences containing 'if' in the three science text-

books.
23
Table 4.5
Frequency and Distribution of the Question
Transformation in Sentences Containing '!f'
Number of Number of
"I'f' Sentences '[f' Questions Percentage
Concepts in Science 237 3] 13.080
Science a Modern Approach T 266 100 37.594
Science for Tomorrow's
Wor 1d 180 ) 18 10.000
Total ' - 683 149 21.816

The question transformation is present in 149 of the total sample of
683 sentences. Many of the sentences which pose a question involve (~
the use of 'if' to mean supposition and reverse the 'if-then' order.

e.g. What would happen if a red colored light shone
upon a surface that absorbs red? (Science a Modern

Approach, p. 328)

0f the total number of sentences which use "if' ta indicate

o

supposftion, 522 (Table 4.3), more than one quarter use the question

transformation. Thes incidence of the question transformation in these
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sentences is highest in the textbook Science a MoYern App each,

twice that of the total found in the other two textbooks.

Deletion of 'Then' in Sample

0f the total 683 'if' sentences in the three textbooks, only

»

30 actually contain 'then' in stated form.

£
e.g. If the distance is greater for the same period of

time, then the speed must be greater {(Science for
Tomorrow's World, p. 80).

Table 4.6 shows the frequency and distribution of sentences

.
-

which use 'then' explicitly.

Table 4.6

Number of 'If-Then' Sentences Stating
‘Thea' to Introduce Consequent

Number of Number of

"1f-Ther' Sentences

Sentences Stating 'Then' Percentage
Concepts in Science 153 1z ' 7.843
Science a Modern Approach 140 8 5.714
Science for Tomorrow'. .
World . A | 134 10 & 7463
= Totaka 427 30 - 7.026

Some of thev§83 sentencés,whowever, would not be expeéted“to
use 'then.' The word 'then' is not imp]icit-fqgtfe 60 sentences which
use 'if' to mean 'whether' and theﬁzlsentences in which 'i;' is used
informally (Table 4.3). Of the remaining 621 séntences a total of

IQZ reverse the 'if-then' order (Table 4.4), in which case the first
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portion of the sentence states the congequent and is not explicitly

otal of 427 sentences in

introduced by 'then.' This leaves a

Y

which 'then' could and’ perhaps should be used to introduce the con-

sequent. Only 30 of these sertences or lesk than 10 percent,

expliéit]y state 'then.'

' \".s

Table 4.7 shows the dis}%ihu{f§n of/ 397 sentences in which
'then' is deleted from 'if-then’ statements.
e.g. If a substance that remains in the same place gains

weight, (then) it must have more mass (Science for -
Tomorrow's World, p. 21).

N Table 4.7

* Frequency und Distribution of 'Then' Deletion
: in 'If-Then' Sentences

Number of

< Number of  Sentences
"1 f-Then' with 'Then'
Sentences Deletion Percentage
Concepts in 6;|e e 153 141 § 92.157
\ R
Science a Mo\\\h\Approach 140 132 94,286
Science for Tomorrow's We 1d 134 124 92.537‘1
Total 427 397 92.974
- L4

e
All three science textbooks liberally use sentences in which

"then' is implied but not stated explicitly. T prevalence of
sentences with 'then' deletion may have serious implications for
children's reading of these textbooks, since it reduces clues to

meaning and is foreign to children's language structure.




Negation in Sample and Its Effects
on Logical Forms

The use of negation in sentences requiring the use of
propositional conditional logic is of special concern to the investi-

gator. In addition to being a grammatical transformation involving

negative expansions, ncgatioﬁ is a special form QF propositional
logic. The types of negation in a condi;ional statement can vary,
and each type requires a different propositional logic.

Six differemt types of negation were identified in the total

of 98 sentences containing both 'if' and a form of negation, either

'not, 'n't," or 'no.' In the forms of propositions which'fullow,

p stands for the antecedent introduced by 'if,' and q stands for “the

S

consequent introduced by 'then' in stated or implied form.

1. If not p, then q.
e.g. |If no outside force is exerted on én.object, the
object will remain at rest or will continue to

move in a straight l'ine at a constant speed
(Science for Tomorrow's World, p. 93).

2. If p, then not q.

e.g. |If all the air is pumped out, the ringing bell
will not be heard at all {Science for Tomorrow's

World, p. 195).

3. If not p, then not q.
e.g. If it were not for green plants, there would

be no oxygen in'the air (Science for Tomorrow's
World, p. 240).

4, Not g if p.

e.g. An object. at rest does not move if forces on it
are equal in size and are re from opposite directions
(Science for Tomorrow's World, p. 232).

67



o
5. q if not p. L>
e.g. A steel bridge can corrode if it is not covered

regularly with a protective coat of paint
(Concepts in Science, p. 79).

6. Not q if not p.
< e.g. The moving objects that you see around you do not
move after a while if no force acts to keep them
going (Science for Tomorrow's World, p. 67).

vy

The various types of negation listed above may each present
special difficulties in reading comprehension. Table 4.8 shows the
Jistribution of these forms of negation in sentences containing
Lif' in the three science textbooks. The three textbooks contain
an almost equal total number of such sentences proportionately.

Other Grammatical Processes Contributing
to Syntactic and Logical Complexity

of Sample
A nd of sentences given-as examples above also include

conjoining, gubordinating and embedding of ideas within senfences.
According to the transformational grammar theory of linguistics,
eacH'bf these factors wou | d increaée bOLh.gyntaCtiC (surface structure)
and semantic (deep structure) complexity. In additionghﬁhey compound
difficulties‘al}eady present in logical forms of many of the

sentences.

The greatér the number of phrases and clauses within a

sentence, the greater the number of ideas which need to be remembered

and interrelated. The number and types 7of relational terms connecting

<1
\

phrases and clauses, including coordinating and'subordinating

conjunctions, prepositions and relative pronouns, need to be con-

sidered as potential sources of additional difficulty in the reader's

68
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comprehension of conditipral statements and the complete sentences
a~ .

which incorporate them. A sentence such as the following one may be
L3

incomprehensible even to the most gifted grade six pupil.

This is the motion you expect according to Newton's
First Law of Motion, which says ALhat if no new forcq

_is exerted on an object, the object will remain at
“rest or will continue to move in a straight line at
constant speed (Science for Ton ow's World, p. 77).

-1 70ough the conjoining, subordinating and embedding of
ifras within sentences need to be considered as possible hindrances
to reading comprehension, they are not within the scope of the present

study. Thus, there was no attempt to analyze the sample for these

grammatical processes.

Summary of Textbook Findings

This chapter presented and analyzed some factors of gramm.r,
syntax and loghékpresent in sentences containing 'if' used in
science textbooks for grade six children which may compound difficulties

in reading comprehension of the material.

Differential uses of 'if' according to meanings of 'if" given

in The Intermediate Dictiénatxrwere examined. It was found that all
three textbooks use 'if' to indicate < tioh in a great majority
of the sentences. The conditional use ¢. if' and 'if' to ﬁean
"whether' are also used in large numbers. Inter-judge reliability

calculations indicate that the differential uses of 'if' as supposition

and condition are not always clear and may be a source of confusion

even to adults.

The sente -es were examined for a variety of grammatical



transformations whicg liﬁgﬁists have identified as increasing t
syntactical complexity o% sentences. A number of the transforn-
directly affect the logical form and thereby add to the logical
complexity of the sentences in which they are present. - Factor «

analyzed as contri to syntactical and logical complexiti e

senterces include < .~ oin word arrangement (specifically, o — -

positions of 'if' and 'if-then' inversion), the question transf®

tion, deletion of 'then'.in statements of consequence, and vari _ _ .. _

forms of negation.

B e e

The majority of sentences in the three textbooks.use ‘i

in initial sentence position. A large number of sentences, howw =—--.

require that the reader consider information contained in A Pre& — o
Y

—

sentence. More than one third of all sample sentences reverse

logical 'if-then' form. T o
The question transfermation is present in more thgh}ﬁwc>
R
fifths of the sentences, many of them involving 'if-thepi's order

ot

inversion.

a

dally .use 'then' explicitly. T \ .

The 98 sentences which include negative expansions cons t

‘nearly ! percent of the total sample. “Sik’different types of
. o 1 .

negation were identified, each requiringig'aifferent form ¢f pre —————~

tionad logic. ?; o

R

rt

J . /
Many of the sentences in the sample have complex syntac

. N
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)
B

: ' R Wk . .‘,. N ) .
<tructures which result from Zonjoining, gugotdlﬁatnﬁg and embedding
eas. Threse factors, however, were not isovated for?analysis.

of i

. A . ’ \
This chapter analyzed some elemqgts of grammar, yx and
L) S

logic prgsent in sentences contatning Yif' used in tHree science
textbooks\which may be c¢ritical in the reading comprehension of grade
. - _

<€;>§Ciléven. Al thgse'fagtorsgare'quite apart from vocabulary, e

O

D ' -
concept load and sentence length which are often the only variables’

considered in determining suitability of textbooks for a particular

A N

group of children.

IRiaaN

L
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-Chapter 5.

SUMMARY . CONCLUSIONS AND IMPLICATIONS

-

Although 'if' is usually considered to bg a word that is
easy to Eead and to understand, it may pose problems in reading
comrrehension. lts abstract._nature, multiple meanings‘abd differential

uses as a grammatical construct make precise understanding difficult

’A

- far ¢hildren. But 'if' is also a logical construct basic to most

deductive reasoning, and to conditienal logic in particular. Under-

standing both the grammar and logic of 'if' is a prerequisite to

L reasoning'ﬁhich includes concepts of conditionality. . . &y

> L A
e Research has shown ‘that cgpdntlonal reason|ng ab|]|ty begins

i)

e
TR
LT
B

@ xh adoleaeence, but it is slow to develop and presents many difficul- .
w. [T N

“ . : N
- , t:es even in late adolescence. Nevertheless, textbooks in sc’-nce ;
~ ﬂidv(m, A : S qﬂ$
used by jhi:ldren in the upper elementary grades freely and - frequently

> . use ®¥" in a logical as well as grammatical role. '
. d Ry

The preSent study was desngned to examine the uses of 'if'

in scaence texmbooks used by -sixth grade chlldren . & t
s e ' " N '
Summary 8f the Study \
” ! _ _— e
. - The study,invo]ved aralysis of three science texﬁbszs used ®
by. chlldren in grade six for sentences contaidnng if. A total of

i €

v 686 "if' sentences Were found in the three textbooks, and were
recorded for further ana]yéis. , . e

Differential uses of 'if' according to verious meanings were

.oy



tion; deletion of 'then'; and forts of negation.

&r

g & . ‘ e . .
three textbooks (Tab1673 1). The textbook?5c1ence a

probosixion§.f)The qufereﬁces in the number of sentencecs containing’

‘ »
examined. Sentences were analyzed for certain specific grammatical
transformations which add to syntactic and logic;¥[compléxiry. These

processes include changesin word arrangement, specifically sentence

positions of 'if' and 'if-theh" inyersionS; "the question. transforma-

4 ‘:vvy_

Findings and Conclusions

k-3 ,‘ g

The fdllowing questions were formulated at the outset of this

study. Findings and conclusions pertinent to each question are
A . [ ]

reported and discussed. N
¥ . .&'b
Question #1 '

What is the frequency and distribution of sentences containing
“if' in the thfree science textbooks recommended by the

DepartM%nt of gducatnon to be used by grade six puplls in

Alberta? ) o "

* a

A total of 686 sentences containing 'if' were found in the
. K : . .

an Agprdaéh

»
R )

has the greatest number of these sentences, 266 fol‘Ewed by ¢ once ts
4 .

in Sclence wuth 25b4 Scrence for~Tomorrow s World with 180 has the e

&

v
-

»

\«_\
fewest ‘if' sentences. o C
° - : B

2

, N o .
difficulty with conditional uygic which makes use of 'ff—then'

@ p

% ~ : ~ (%

'if' and conditional statements may be one indication of the relative

o A [ i

] o .
~ - <

duffnculty of individual textbooks : . Q-

L
\
.

Regearch has shown that children in grsgﬁQgii have considerable

*

,



Question #2
- oy

What is 1he total number of times the word 'if' is used in‘
sentences in the textbooks?

Ninq of the sentences in the toga] sample use 'if' twice.
(Jab#e 4.1), yielding a total of 695 times the word 'if' is actually
present i;@sen;shces in the three textbooks (Table 4.2).

The presence of a double condit{onal will undoubtedly greatly

complicate the logic of the sentence. The’ﬂogical complexity results

from the necessity of precisely interrelating two conditional state- _
) »
ments. Moreover, constraints on logical reasoning are likely to be %P

increased further by the greater syntactic complexity of the sentence.

;
v

Question #3 (

What are the dlfferentla] Ces of 'if' according to differences

in meaning of t?e worq&x{f' in the sentences? .

» . ' . . . ' 4‘ . :.- :._“";i !
The Inteﬁﬁ%diate Dictionary (Gage, 1963, p. 441) QI%%;;fQWr

. - e
2t

. Aat

meanings of the conjunction "if': - ';;:'

l. supposing that or in case that o o ,

2. .on condition that - '% .
;m’ ﬁ.' whether . i
4, 4 although or even though (|nformal) ' .;
Table 4 (jashowr *that more phan 75 percent of the ﬁfntences
i

use 'if'. to ingicate supposition, which requires pupils to cons

« .
hypothetlca) and often abstract relatlonshlps Approximately 15 per-

cent of the sentences use 'if' as a true conditional requiring the
» ~ . . :

[ o J : - ’ v
rigor of cohditional Ioglcal reasonlng The use of 'if' to mean °
. . i a 3 «

'whether' is used in more than 8 percent of the sentences " As expected

i -

vif ; ks.
if is rarelb used 'in an¢;g§orna%;#abggr in sentences in the texppopi -
. // ‘ 2 N
@ = ' ‘

! |

.
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The Tanguage of textbooks .s formal, and informality is rare iH
scientific writing in particular. -

These findings clearly indicaté that function words do .ngyt
have a single meahing, and that they have differential uses cveé
within one area of study. The conditional 'if-then' statement is
an integral part of sci®ntific language. -Most people recognize the
rigor that characterizes scientific ianguage} and perhaps assume
thatiuniformity of expression implies uniformfty‘of meaning. The .
presence of 'if' in sentences of similar sfhﬁcture to indicate
supposition and condifié% may be surprising to those who assume that
"if' has a single meanirg and a single use in scientific wr¥tfn§L

At present, it is not known whether sentences containing
differential uses of 'if' pose different problems in compreheﬁsfdh tR,

of the word 'if' and of thessentence as a whole. It is possible that

"if! used as a supposition may require a thinking process different
. . . . . :‘._ N . . » \; i N

DAL

_from that of, 'if' ysed:% u’: tional. Pupils do need to be able:
' a R . ‘ . D .

to distingujshs thi ,érms and what-they.ime;. The use of 'if

-

to mean 'whether' élear!y demands the identification of this meaning

~ in order that the sentence .be ‘'understood.

/

- word 'if' creates problems in reading pomprghension”for e tacy -, ox. -

The decisjon-mékfng process that mMust take place to determine

. . . . ‘
the correct meaning of 'if' in a particular context may be very

difficult fér grade six pupils. The independent judges who partici-

’
1

pated in the reliability study'of the meanings of 'if' in the present !

investigation appeared to have some difficulty in ascribing meanings (

T

of condition and supposition,§:;=:

SN

.

Studies by Robertsej (1966) and Rawson (1969) sho- “at the..

s

=

&
Tt
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. slightly more than 57 percent begin sentences.

school children. As a result of his research, Enmis (1965) postulated

that adolescents had difficulty. learning conditional logic because

they did not understand the meaning of the conditional 'if.'

Question: #4

tions in(yﬁﬁch ifd is located?

g

I't was found that 'if* ¢ Bresent in a‘gumber of positions
& HA : ‘;:V

within sentences:

What are the sentence posi

1. initial segtc&céupbsition

Ap - : N
~ %2, initial sentencé Msition with previous information to-
be considered” &? ' o e
3. "medial sentence position (resulting from 'if-then' y

N - \-

* Jinversion). R

el _ —_— i v ‘ . . . . o

Table‘h.h gives the frequency and distribution
’ . p ' Iz

.according to sentence position in the three'textboq -~
. '.g\

The’claSPical forfi of the eonditional sentence is - Yif-

'

then' form. The 'if' introduces the antecedent which s£2t9< the
condition or conditions, and is followed by 'then' introducing the
consequent of the céndition. This is the expected logical énd}
%rammatjcal order of cond{tiona] statemgqts. lts familiardty may
make it tHe most easi]ywﬁnderstcbd form d?;‘if‘thenﬂﬁﬁentenc;sf of
the toéal number of times 'ff' is usgd in ;he~three textbooks,

In approximately 15 percent of the cases in which 'if' occurs
1

at or near thé beginning of 4 sentence in the cléssicaIA'ifjthen'
form, there iS'previqus.information that must be considered in the

comprehension of the sentence as a whole. The extra information may *
. = . -

1
-

e
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‘ ifY 'geptencc. The

-

be in a previous sentence, or “it!
LT A ¥ N
additional discrete items of inform‘at,’»"d‘x;w 3¢ bath the gregmatical
e ey yon T .
1‘-

. A . .
and logical complexity of the sentence, Aﬁh Te, is néed.for greater
. ‘d . . . !

B

rigor in thinking to process the Senten?f'iaborder to derive the

-
intended meaning. The meaning of the me%gage‘mgst be relevant to
the writer's thought, not to idiosyncratic\%%\?king of each reader.

Research by Piaget and his associates fﬁdicates that before

the age of ten or eleven the child is not capable of purely hypothetico-
<+ deductive reasoning. Before the formal reasoning stagé is attained

) -

fhg child is bound by idiosyncratic thought particularly in the area

.+ of relat?pnal logic. Most sixth grade children would be égapped by

idiosyncratic reasoning if they do not receive specific instruction.
. 4 G 2 i J

P }hé"r‘feed"to 'cronsiier previous idformation increases the demands
'-oﬁ a reader ia a numberzqf bays, It places a strain on shor #~ term
memdry,lit neceséitareﬁﬁcorrectly rélé%ing a numBé% of discrete items
:zlfbf iqforhafi;n,’and'ia £He case of seﬁtenées beéinning witit-other '=j>
logical connectives (for ekample, however), it requires an additional

A \

logical operation.
More than 27 percent of the times that 'if' is used in the
W ;
sample, it is found in medial sentence pos}¢ion, the result of 'if-
'S | -;| R | .

. then' inversion.
Reversal of cthe 'if-then' order is both a logical and a
Ngrammatical rearrangement. Such. an inversion ‘reverses the logical

13

form of the _conditional. The reader must recognize the inversion in

. 2 Fa 4 L
logical form, distinguish between the antecedent and consequent, and

. : Y
derive the logical form of the’conditional.



oy,

»

The grammatical rearrangement of the 'if-then' order increases
. . :
syhtaQﬁic complexity. The change in the expected word order violates

the reader's expectations and predictions which may interfere with the
N X ‘

processifg of the sentence. 'If-then' . inversions are infrequent in

‘oral language, not highly predictable in reading, and require a

‘refocusing which may well be difficult for the young reader to process.
N ]

-

Since more than one quarter of all sentences in the sample
reverse the 'if-then' order, the prevalence of this logical and
grammatical form may be a factor in the comprehensibility of the

science textbooks.

Question #5

To what extent is the question transfqrmétion used in sentences
.containing 'if' in the three textbooks?

s
U

‘Table 4.5 shows the number of times. 'if' sentences are written
in question form.-, Moge than one fifth of the totalysample was .found
to use the question transformatioh.1'Of~the({ota1 Lif! qdés%fpns,

fully half ‘are found in the textb00$ Science a ModerrlJQEBroa'ch.j This

textbook makes extensive use of qUe%tions. of all its sentences

.
|

containing 'if,' more than one third are in question form.

¢ S . y
It was found that most sentences which pose a qeestion involve
. i ° %
the use of 'if' to mean supposition and ‘'if-then' inversion. The o

!

use of this specific meaning of 'if' and the syntactic style of the

question containing 'if' must be ?eddgn(zed. The question refers te

information in a speciﬁ&f linguistic form. The analysis‘agd processing -.

LI
. |
required to answer a quéstion may add am extra measure of difficulty.

»

-
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Question #6
i .

How often is 'then' stat d in 'if-then' sentences, and to what
extent is it deleted but'implied?
One of the most unexpected findings which may re]ate d@f
comprehensibility of science textbooks is the great prevaloh&iga‘
"then' deletion in 'if-then' statemfnts | Only 30 sentences in the

total sample state 'then' to el the consequent. This i+

approximately 7 percent of all s'hfyl--s written in thehclassic
'if-then'vform in which 'then' is u;ed explicitly to introduce the
consequent. Inréiggercent.of such sentences; however, 'then' {=
merely impliged.

.

) Research has shown that children do not omit 'then' from
their speech or writing. As alresnlt, the gramﬁar of deletion
'produced etructures is negatively related to reeding conprehension
(Fagan, 1969; Cosens, 1974). -
The reader must also supply the missing 'then' i% order to
gﬁerive theblogic of the 'if—tnen' form before he can procésé‘the Togi% :
of an 'if-then' statement. This adds an extrazméasurej;F.difficulty
to children's %lready weak understanding of the logic of conditionals.
Many of the prevalent readabilfty formulas use sentence
length as a va;iab]e, The assumption is that the shorter the sentence,
the less ¢ fcult it will be to,{ead.\ Creators of ‘readability ' ~
formufas‘and,textbook writers cannot assume that a sentence nade more )
compact by means of deletion will be easjer to understand simpLZ due

. ; 7
to ka-shorter length. ,Deletlon reduces clues to mean{ng, thereby

< /

;adding‘ta sentence difficulty. } : b

\



Question #7

What use is made of negative expansions and what are the v
effects of negation on the logical forms of sentences T AR

I
ST . R AR
containing 'if'% BA T

e
.

[

A tota) of 98 sentences were found to use phewnegative 'not, !

ot
»~

or 'no.' In additfon to being a grammaticéi transformation,
negation is a special form of propositional Iogic.“Theré can be
various types of negation in conditional sentences, each requiring a
differeﬁt propositional logic. )

Six different types/of negation were identified. They cun

be stated as different folald of propositions in whicth p = condition

“or antecedent, ané q = consequent. i
1. If'ﬂgi‘p, then q.
2. 1f p, then not q.
3. If-pot p, tﬁen not q.
A L. Mot q if p. 4 "
5. q, if not p. . )
6. Egﬁ?qiif‘ggi p. . 'g
These ?orms of propositions are not among the chief forms of
. N X 14 ~
conditional reasoning (modds ponens and modLs to1:Lns) formulated by q
logicians.' They may be used infrequently and be lps; fémi]iar to
anyone applying princielesiag lqgic. '
g . Table 4.8 shows the;fréﬁuency'and distributionrof the‘six
forms of negatigé in the”&h;eg scléhce tex?bookss Some forms are »

_then not q. The textbook Science a Modern Approach makes the greatest

used Mmore frequently than others. Form (l)u]fhﬂotup, thenvq,Ais

_used most frequently in all t%xtbodks, followed by form (2) If p,

R

N : - !
> - ’ S ’__' ° ‘9\ . \

s
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use of these two forms of prdpositions, and contains the greatest
percentage of all senteqces‘with negative expansions.

Ennis's (1965Y reéearch’on adolescents' conditional reasoning

- .

ability used 12 principles of conditional logic (see Appendix),.some
of which are arguments involving negation. He found children aged
eleven to twelve unable to reason according to most of the principles.
The results of resegrch by Piaget and Ennis‘suggest that sixth grade

&N
pupils will have difficuléy dealing with the migt basic forms of

. . - Y .
-conditional logic. More complex forms such as “hose resulting from

A
one or two negative-expansions may present ex¢essive difficulty.

This difficulty may be compounded by adaithﬁen complexity of the

Ay
S
context of the logical form whlch is the senﬁfnce contalnlng the 'if-
\
- then proposition.’ ' . )
R Writers of children'sﬂiextbooks né?d to be aware of the .
‘ . -3

NS

L loglcal as ‘ﬁ]l as the grammatical é%anges in sentences created by
’ “,’,‘ﬁ'y . 4

%m?a;|ve eypgnSIons ‘Where‘use of negation affects(}ogical form, as .
|tqﬂdes 'lf then senténces, negatives must be used very cautiously.
[ -
J . AN -
“° Implications of the Study
50 R i ﬁ\’ ) . . ’ P v .
s %A humber of implic?;&ons for ‘textbooks and for those who write

. =4 ‘ CJ
d them. and evaluape.them; as well ‘as for classroom teachers of all.

subject areas arise from the results of this study.

;‘:’. W’ ] e . B} ' ’/
’ ;3 'Implicgtions for Textbooks -

erters of sc1ence textbooks must recognlze that "if' has

~

multiple’ meanlngs and can assume several functlons in sentences even

" in scientific wrltlng. ;The difficulties with 'if' may be' compounded



Y

2
%

v

83

-y .ne child's lack of awareness of the subtleties in multiple

/
/

meanings of words and ignorancéfof the fact that he may not under-
stand the words p;ecisely in various contexts.

‘ Textbook writers, editors and those charged with evaluating
the difficulty of textbooks used by children in the elementary
grades need better tools for assessing factual, inforﬁationaL,wriLten

material than is available by s of trad tional readability

formulas. Not only do readab formulaé fail to accuratély ‘ '

measure readability of non-narrative writing, they make no attempt

to evaluate its comprehensibility to children whose cognitive

deve lopment is immature. . ‘ IR
. . ‘\’u_ . 2:: .tﬁl
A1l those who are concerned with prqparation and evaluation’
. : . v .
w0 of scientific materials written for children can obtain insigﬁg%uﬁ. .
knowledge from the study and research in syntactic complexity and "
. b N . \ .

Toéical reaépningy”'Writers of textbooks to be used by children must

_be-aware of .language procestes which contribute:to‘ffsvghémmaticaf
. o «. v S_— . ‘,‘.

those which may cause undle

B o

. and logical cemplexity, and cbﬂtro‘i
\ ) ~ .

diff;cﬁltieg in reading. Mofe extensive use should be madeiof'thﬁ'

- cloze procedure’ and logical réasoning testing based on the grammar

indices:of

-

and logic used in the textbobks. This would yield

children's comprehensibility of grammaticqirand ]

C<‘ content. The result will pe'textbgok'fchildrénfaréﬂ‘,.»i_ N deand
‘derive informatton from both inpependebt]y and with.approﬁriate
. % A ] :

. : S
; instruction.

oL

.g‘
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Implications for Teachers

Teachers need to he aware of multiple meanings and differential

. . . . . v
uses of grammatical words in wiritten material. Science teachers must

recognize the differential uses of “if' found in science texthooks.

In the light of the analysis and research, muthp]e meanings and uses
LN i

should be discussed and illustrated within thelr reSpectlve contexts.
& &

Yo d

Children also need to be made aware of the varlous possibilities

regarding placement in sentences the word 'if' is able to assume.
Teaehers need to teach the logic'as well as the greﬁmar of

the word 'if.' When teaching the logic .of :he conditional 'if' they

should use the'simplest logical torms and senten%e Forms possible.

v

Beglnnlng in the elem ntary grades, children need to be

offered systematic instruction in logi&!ﬁ,reasonnng, ;ncludlng

. N i - -

cond‘tional redsoning. I f chlldren are taught forms: of ]oglcal argu-
ment they may‘Wearn to recognlze valid and invalid forms of reasoning

-

in thelr readipg material. More importantly,vbecause scientific

think  involves the use of hypothetico-deductive reasonlng,

children need to Be led, step by step, into making valsd nnferehces
v e

and reach:ng valid conc}usnons, as wel] as evaluating those in their

sciehee textbooks . Logical stgndards can also be applied to inferences

B

made by children iﬁ order to subject them tolcritical analysis. 1n
order to eva1ua€e an inference it ie necessary to consider the

3 . .
relation between 2 conclusion and the evidence from which the con-
clusion is drawn. In- thIS way chaldren can-be taught to ev0|d the

traps which lead to fal]acious’reaSOning.' ‘ ' .

Teachers need: to keep in mind the stages of logical developmeht
N . . . . ’ )



as they plan experiences and dialogup activities for their P
recognizing the limitations and exploiting the pnssibilitiex

stage. They need to stretch children's thinking as much g% o _~ — -

BN

in the stage they are in, as\Well,as lead them toward a highe
They should remember that because of individual differences o
may be at different stages in different --eas of cognitive ab ™

and that children in the same age group may be generally at c i
. : 3
étages.,

To allow pupils to.obtain an experien£ial Framework fc
scientific concepts, teachers can provide a hierarchy of‘pupil
involvement. Providing pupils with concrete experiences in anm
be(bre\théy‘afe asked to read about it might fac?litate acquis ~

of the particn]ar concept.
Scnence textbooks may be too difficult for independent
"by the maJorsty oF the children for whom they are lntended Wi——

VoA

de]nberate and specific readlng lnstrucgﬁon ch|ldren ww‘! fu(J‘

achieve fyl) comprehensvon ‘of ‘the aut%or s thoughts Teachers
g . VAR

also help chlhdren ‘cope with scnencghknformatlon by having ‘a va:

of supplemental readlng material available to accommodate difﬁer‘

reading levels.

A

. Skillful use of questions and on-the-spot di§3ussion of

-

meanings in textbook writin§\|s probably one of the best means o

enhanCJng readlng comprehensron and of clearrng up misunderstand

’
and erroneous reasonlng The teacher must become skllled in the

of d:agnostlc questlonlng techniques.

\‘ o Teachers of content subJects such as mathematlcs, science

‘ o
* B RARY
) e



soctal o studies need to know the types obt Tanguage structures vaed on
their content area textbhooks, and teach children to analyre them. In
as much o teachers of content subjects must teach their pupile to

read textbooks, they are also teachers of reading.

Suggestions tor Further Research

A number ot related ctudies could be desianed to investiaad
.

VA ispects ot the proesent study.

Now that ot 3o known what arammatical and Togical structures
containing Yt a0 present in three arade sisoscience texthooks, it
would be desirable to test childien's reading comprehension of the

[
arammar and togic of it in the variciy of contexis used in rhe

texthbook:. .

The ~ample of sentences in these tex: hooks can be analy.od

further tor additional processes of syntactic complexity. inc 1ding
yun)oining, subordinating and embedding of ideas Hy means - othe
relational words used in the textbooks. Children's reading compre-

hension of these structures could then be investigated.
Aostudy which analyred the same type of sentence. and  truc-
tures found in the same textbook series used in other eclementary

grades would provide some basis for comparison of relative complexit

across grades. Investigation of children's comprehension of these
N

'

structures in various grades may determine the naturc of the develop-
mental trend in the urdersta 'nag of the aqrammar and l-»gic of 'if.'
A study which explored other textbooks used in elemertary and

junior high schoo! grades, particularly mathematics which makes



1

Lrtothen's propositions din tormadation of mathematicn|

e tal oee of
problerswould provide mord complete intormation about the qramna
amd Togic ot Tt o sentences chil fren are expected to read.
Children appear (o have difticulty understanding and wolviog
Al . . . . '
probdema Snomathematic o which are exproessed in Tanquadge s truc tures
fhrhougt they may have the necessary computation <hille. (1 would
q

'

Cecdesitahle to tind the extent to which ditticulties in reading

comprehension hinder problem solving.

The | b analyred only the wiitten auwpect ot he
vord T ot weodesigned to explore children's exposure
oouse and ur, : Sof Tt i the other communication processe.

Speaking, wrisinag and listening.

Concluding Statement

This stady shows the extent 1o which child - in grade six
are exposed to the word ‘it in sentences found roscience
N
textbooks.  The grammar and lagic of 'if' as it i< used 4in the
< Ve,

sentences were examined, as worebbglectcd gramcatical processes

which may increase syntactical and logical complexity. This explora-
ter tady may provide some insight into possible reasons for réading
“iticulty of science textbooks. It may also indicate some grammatical

sl Togical Ta-cor< in textbook comprehensibility.
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