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ABSTRACT

This study was undertaken to investigate the relationship
between student reading performance and achievement in science.
Many students have difficulties comprehending written materials
presented to them in science and many tests used to measure
achievement in science rely heavily on reading ability. Students
may have trouble demonstrating their science knowledge due to

their lack of reading skills.

In this study, the reading ages and science achievement
scores of students were calculated. Twenty activity cards used to
teach the science topic Plants and Animals were modified to
reduce the language difficulty Tevel. A17 students in two Year 8
science classes used the modified activity cards and modified
science achievement measures. Five students were selected to form
a sub-sample of the class group for in-depth observations,
interviews, and analysis. These students were low performance
readers who achieved poorly on science topic tests even though
they had excellent work habits. The student reading ages in the
class groups ranged from 8 years 1 month to above 16 years 10

months.

The reading performance data were found to correlate
significantly with science achievement as measured on topic

tests. Class 1 produced a correlation coefficient of 0.46, while



Class 2 produced a correlation coefficient of 0.75. In this study
it appears that science achievement 1is related to reading

performance.

Qualitative analysis of data from the five students in the
sub-sample  showed that the modified activity cards were
relatively easy to use. Students could work on the cards
independently. This study demonstrated that textual material
needs to be presented at an appropriate reading level for

independent Tearning to occur.

ATl of the students in the sub-sample demonstrated improved
science achievement on the modified Plants and Animals topic
test. In addition, most other students in the study improved
their performance on the modified science test. Thus, the
modifications appeared to make it easier for most students to

demonstrate their science achievement.

A positive correlation was found between student reading age
and science achievement. Reading performance may be a critical
factor din achievement on science tests. If this is the case,
learning strategies must be developed that focus on helping

students to utilize textual materials effectively.
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CHAPTER 1
INTRODUCTION

The learning process dnvolves the interaction of many
factors. In Science, students are expected to read information,
carry out experiments, vrecord results, and demonstrate knowledge
on achievement measures. A critical component of the learning
process underlying these factors requires utilization of reading
skills. Student reading performance therefore may affect the
ability to learn, perform activities, or demonstrate science

achievement.

The relationship between reading performance, the learning
process, and science achievement needs to be understood by
science teachers, science educators, and researchers. Reading is
an important variable for educational attainment. For example, in
science education students are required to engage in many tasks
which require reading. Students need to read and comprehend
information during the learning process to be able to complete
activity cards, experiments, and tests., Two ¢ritical areas of
instruction dnvolve the effect of reading performance on the
completion of Tlearning activities, and the effect of reading

performance on achievement measures.

Reading a variety of print materials is one of the main
methods of instruction in schools. Many subject areas use printed
materials as a standard resource and so students must be able to
read and comprehend the information provided. Student activity

cards or workbooks should emphasize science knowledge, skills or



values without depending heavily on students' vreading and
comprehension abilities. There appears to be little advantage in
designing innovative instructional techniques based on self-paced
activity cards if students have trouble reading and understanding
the cards. If students have difficulties in reading resource
materials such as activity cards and textbooks then the learning
process will be hampered by an inability to fully comprehend the
written materials. An important component of this research is to

examine the effects of modifying science materials.

This study aims to examine the development and implementation
of alternative reading materials to accommodate students with a
low reading performance. These modified materials will be
analyzed to determine their effectiveness for low ability
readers. The results of research in readability of instructional
materials may have broad implications for teachers in all
subjects since reading plays an important part in each specific

subject.

The second area of concern examined in this study involves
the effect of reading performance on science achievement
measures. Whenever students are given pencil and  paper
achievement tests they must first be able to read and understand
the question before they consider an appropriate answer. Students
may understand the scientific material being tested but be unable
to exhibit their knowledge because of their inability to read and
comprehend the test idtems (Finkelstein & Hammill,  1969).

Sometimes students with low reading performance score very poorly



on  topic tests even though their school work and class
participation indicate they have acquired appropriate science
knowledge. In these situations, students are being denied the
chance to demonstrate acquisition of the science knowledge. Thus,
the effect of reading performance on science assessment

activities 1is critical.

This study aims to investigate the 1link between reading
performance and results on science achievement measures. Test
items will be modified to simplify the tanguage difficulty level,
while student performance on the modified items will be measured.
The results of this research will have implications for science

teachers and teacher educators.

Many studies have been conducted on the readability of text.
Yore and Shymansky (1985) summarised the main findings: textbooks
tend to be written at a reading level above the intended reader's
ability; science texts show variation in the presentation of
material, the wuse of vocabulary, and the structure of the
language within a set book or chapter; everyday vocabulary has
been found to have as much influence as scientific terminology on
the readability of science materials. A1l of these points have
been found to influence the readability of textual materials.
Since most science texts have no systematic chapter structure or
vocabulary the students have no pattern to follow in order to
work out the meaning of unknown terms, Many textbooks are written
with a readability level above that of the intended reader. The

reader is then liable to become frustrated trying to comprehend



this material.

Many measures have been developed to analyze the readability
of materials. Early research on the readability of textual
materials concentrated on variables that were easily identified
and measurable. Variables such as sentence length, vocabulary,
number of syllables in a word, and number of words not found on a
standard word Tist were used to produce an indication of the
readability of a passage or text. A number of readability
formulae have been produced and used to assess the reading
difficulty of textual material. However, doubts have been
expressed over the validity of the readability formulae. The
formulae were not consistent and often were measuring different
factors. Each formula appears to measure different attributes and
consequently  agreement across dinstruments is  not usually

obtained.

During the 1970's attention focussed on the ways that meaning
is constructed. Research conducted on how the reader interacts
with new material found the existing cognitive structure of the
reader played an dmportant part in the comprehension of new

information (Ausubel, Novak and Hanesian, 1978).

Many practical studies have been conducted to modify textual
materials and thereby make it easier for students to comprehend
the information. Some studies have been based on the use of
readability formulae to modify text and others on the theories of

meaning construction. Johnstone and Cassels (1978, 1984) modified



science test items and found that minor modifications 1in the
language used 1in test questions could produce a significant
increase in the number of students who answered a question
correctly. Macinnis (1979) produced a set of rules which could be
used as a basis for the modification of textual material and
found that applying these rules did in fact produce a modified
language difficulty level. Gardner (1980) studied phrases which
could cause comprehension problems for students. A group of
Togical connectives were found to cause problems in the

comprehension of science materials.

In this study three research strategies were chosen on the
basis of previous research methodologies and findings. Textual
material was modified, the modified material was presented to the
students in science Tessons, and then the students were observed
as they interacted with this material. The aim of this study was
to determine the effect of students' reading performances on

science achievement.

BACKGROUND TO THE STUDY

At the metropolitan government senior high school used to
undertake this study, science is taught using an activity based
approach. During most Tlessons students are required to manipulate
equipment, make observations, and record data. Over the last few
years - the activities included in each of the science topics in
the Year 8 course have been typed onto activity cards. This was

done to minimise the amount of copying from texts, or from the



blackboard, students engaged in before they could start an
experiment. The use of activity cards has become the major method
of instruction for the 4 - 5 week science topics in the Year 8

course.

Approximately 18 cards have been developed for each topic.
Teachers utilize activity based learning cards in a variety of
ways. Some teachers control the pace of the topic by using one
activity card each lesson. Other teachers provide the students
with the cards according to the student's individual rate of
work. Some teachers allow the class to work on a group of four or

five cards.

Whichever instructional strategy 1is used, students are
expected to read information on the card, conduct any suggested
activity, record results, and answer questions on the basis of
these results. They are expected to be actively involved in
learning science. A heavy reliance is placed on each student's
abi]ity.to read and comprehend the activity cards. However, some
of the activity cards have been written at a language difficulty
level above that of the intended students. As approximately 407
of students at this school are low performance readers there is a
need for texts, references, and testing instruments to be written

at a language level that the students can read and understand.

The problem with Tanguage difficulty TJevel of science
materials became apparent when many students were observed simply

copying other students' work. They were not sure of what activity



had to be done apart from the fact they knew the questions had to
be answered. Other students were asking many questions of the
teachers. The questions related to understanding the content of
the cards, the directions, the activity to be completed, and were
not necessarily to do with the science concepts. Once the
activity cards were explained in simpler language the students
understood the work required and were able to complete the set

tasks.

During 1985 the writer conducted a preliminary study on the
effects of student reading performance on science achievement. It
was found that many activity cards were written at a language
difficulty Tlevel above the intended reader. The activity cards
appeared to be a very useful teaching strategy. In general, the
students enjoyed working from them. Motivation to complete the
cards was high and the self-paced aspect of the cards provided a
successful instructional strategy for large classes. The activity
cards allowed the teacher to move around the room assisting
students who needed extra help as well as questioning students as
they engaged in the learning process. The concept of activity
based learning through the use of activity cards was successful;
however,modifications were needed to enable the cards to be used

independently by all students.

There are two terms which need to be defined for this study.
Science achievement refers to the student's results on written
tests of science concepts. In the school situation, science

achievement is wusually measured in this manner. In this study



science achievement refers to major topic tests taken every 4-5
weeks and does not refer to daily ‘achievement of classroom

activities or small section tests.

The second term that needs defining is reading performance.
This is the student's demonstrated reading Jevel. Reading age is
used as a measure of the variable reading performance in this

study.

OVERVIEW OF THE STUDY

This study involves measuring student reading performance,
analyzing the Tlanguage difficulty of materials used in two
science classes, and modifying these materials in order to make
them easier to comprehend. By so doing it will be possible to
gain insights into the range of reading performance 4in science
classes and examine how successfully student Tlearning is
facilitated by the use of modified activity cards. By modifying
the activity cards to simplify their language difficulty level
the students should have a better chance of being able to read
and comprehend the information given. Although the student needs
help 4n constructing meaning, one of the simplest aids that a
teacher can provide is to modify the reading materials. Thus,
although the science content remains unchanged, the vocabulary
and syntax are modified. The student is not being given easier
science concepts but the work given is at a more appropriate
reading Tlevel. By discussing the activity cards with selected

students, observing activity work, and monitoring written work it



should be possible to gain further dinsight dinto student's
comprehension of textual information on the activity cards.
Students will be interviewed to ascertain the major difficulties
in understanding. Finally, a comparison will be made between the
student's science achievement as measured on a standard topic
test and on a topic test modified to place less reliance on
reading performance. These test results will be analyzed with

reference to student reading performance.

SIGNIFICANCE OF THE STUDY

Students who have reading deficiencies are often penalized in
content areas (Finkelstein & Hammill, 1969). For example,
students may have acquired the objectives of the science course
but be wunable to adequately demonstrate their mastery of the
material. If the language difficulty of the topic test is high,
then those students with a poor reading performance may be

disadvantaged.

Many texts, references, and tests used to promote or assess
achievement 1in school subjects place a high premium on reading
performance. Failure to answer a question correctly on a test may
be a vresult of a comprehension problem rather than a Tlack of
scientific knowledge. The 1inability of a test to distinguish
between failure due to lack of critical scientific knowledge and
failure due to lack of reading skills greatly restricts the use
of pencil and paper tests to assess educational gain ({(Royer &

Cunningham, 1981).



Similarly, when students have had reading difficulties
associated with comprehending textual material or activity cards
it is difficult to determine the extent of their scientific
achievement. A11 students must have a reasonable chance of
success in all content areas. Students with differing reading
comprehension Jlevels must be accommodated in science classes.
These science classes may or may not be grouped in ability and

often contain upward of 30 students.

RESEARCH QUESTIONS

The following research questions indicate the scope of the
study. Each question required the collection and subsequent

analysis of data.

1. Is student achievement on a science topic test related to the

reading performance of the student?

2. Do Tlinguistically modified science materials enable students
with low reading performance to more easily comprehend the

science materials?

3. Do Tinguistically modified tests enable students with low
reading performance to more successfully demonstrate their

science achievement?

10



Each of these questions 1s discussed in more detail in

Chapter 3 and the results and discussion are presented in Chapter

4,

OVERVIEW OF THE REMAINDER OF THE THESIS

The remainder of the thesis includes four chapters. Chapter 2
contains a review of literature to provide a rationale for the
research hypotheses. Chapter 3 describes the methodology used in
this study. Tests are described, modifications to activity cards
are explained and justified, and the data analysis techniques are
outlined. Chapter 4 presents the results of the study and
accompanying discussion. The chapter provides answers to each of
the research questions posed in Chapter 1. Chapter 5 provides a
summary of the study and presents implications for teaching and
research, describes Tlimitations of the research, and offers
recommendations for teaching, teacher education, and further

research.

11



CHAPTER 2
LITERATURE REVIEW

INTRODUCTION

Purpose

The Tliterature review provides information relating to the
purpose of this study. The study examined the effect of reading

performance on high school science achievement.

Method

The literature used in this review was identified as a result
of manual searches of journals, use of the citation indices, and
also a computer search utilising the ERIC system. The key words
used 1in the computer search were reading difficulty, reading

ability, secondary school science, and achievement.

Overview

Readability s the term used to describe the ease with which
textual material can be read and understood. The application of
readability measures is primarily concerned with a basic problem
familiar to most people who choose books for others to use. This
is a problem of matching. On the one hand there is a range of
books and other reading materials, differing widely in content,

style, and complexity. On the other hand there are student



variables such as interest and reading ability. The extent to
which reading materials can be comprehended is determined by the

relationship of these two factors.

In order to choose textual material for others to read it is
important to consider four factors. Firstly, the reading ability
of the intended reader. They must be able to read and comprehend
the material. Secondly, the fluency of the readers must be
considered. They must be able to easily recognize letters and
words in order to understand them. Thirdly, the dnterest of the
reader must be taken into account. A person interested 1in
gardening will be more likely to read a book on plants than a
person who is not interested in gardening. Finally, the content
knowledge that the reader brings to the task 1s important.
Background concepts are required before further concepts can be
understood. These four aspects of the reading process must be

taken into account when choosing textual materials.

People with limited reading ability soon become discouraged
if they are given texts which are beyond their comprehension. For
this reason, it is useful if teachers have an understanding of
readability, since this provides a systematic basis on which to
Judge the appropriateness of materials for students of various
abilities. This allows the teacher to seleet and organize

material suitable for particular students.

Tests of science achievement used in schools are generally

composed mainly of multiple choice items. If a student is to

13



perform well on these tests, then adequate reading skills are
essential. A student could have knowledge of the material being
tested but be unable to read the test items. Teachers have long
recognised that the schoolwork and class participation of some
poor readers indicate a greater knowledge of science than would
be expected from their test scores. Students are often able to
demonstrate considerably greater knowledge of science when the
test questions are read aloud. Sometimes students think that by
being able to read a passage it follows automatically that they
can comprehend its meaning. This can become a problem in science.
Students can often use scientific terms in appropriate ways but
cannot explain their meaning. If this occurs, teachers must then
spend time  assisting students to understand the concept

underlying the specific scientific terminology.

OVERVIEW OF THIS CHAPTER

The review of the literature that follows is divided into six
sections. The first section deals with the use of ethnographic
research. A discussion of the methodologies used and the

advantages and disadvantages of this type of research are given.

The second section deals with the measurement of students’
reading ages. The tests currently available to measure reading
ages and their advantages and disadvantages are discussed, and
the reasons for choosing the GAPADOL instrument are also

provided.

14



The third section describes the factors that have been found
to alter the reading difficulty level of materials. A discussion
of how these factors can bé modified to alter reading difficulty

levels is included.

The fourth section details the current knowledge on how
students construct meaning from textual materials. The cognitive
processes  involved in comprehending textual material are
outlined. This s useful background information since students
must actually process the material that they are reading in order
to extract meaning from the words and sentences of achievement

measures and work cards.

The fifth section sets out suggestions for modifying textual
material in order to lower the reading difficulty level. Examples

of how this may be achieved are included.

The final section of the literature review discusses the
results of previous research findings that examined reading
ability and achievement on written tests. The effect of student
reading ability on test performance is compared across many

studies.

ETHNOGRAPHIC RESEARCH

My study follows on from a preliminary study undertaken in
1985 (Ireland, 1985). This study focussed on modifications to

textual material, how the students used these materials, and the

15



effects of reading performance on science achievement.

As well as utilising appropriate statistical procedures, this
study involved ethnographic research. This allowed text-related
learning and teaching to be the main focus of my study. Walker
(1981) recommended ethnographic research as a valuable approach

to use in analysing textual materials.

Ethnographic research involves detailed observation in a
setting. Qualitative data are collected and analyzed for trends.
In education, ethnographers work in the classroom and observe
interactions between the classroom participants and the setting.
Field notes are written to record these observations and other
documentary evidence such as book work and test results are
collected. These data are analysed for trends and detailed
descriptions, direct quotes from interviews, and narrative

vignettes are used to report the results.

Erickson (1986) described the role of the ethnographer and
the teacher in classroom research. He suggested that it would not
be Tong before the classroom teacher was the ethnographer. In my
study this was the case. There were many advantages in conducting
observational research in my own classroom. Ethnographic
research requires Tittle initial training other than skills of
observation and reflection. Classroom teachers utilise both these

skills 1in their everyday life.

16



MEASURING STUDENT READING AGES

Reading age is a term used to describe the chronological age
of a reader who could read and comprehend a specific piece of
textual material. A student has a reading age of 12 years if he
or she can understand a piece of material that the average 12
year old can read. A similar term is applied to the text itself;
a text with a reading difficulty of 14 years is one that could be
understood by a 714-year old student having average reading

ability.

Methods used to assess reading age must satisfy four
criteria: accuracy; ease of application; ease of marking; and
ease of calculation. Very often the accuracy of a measure
decreases with its ease of application. Teachers usually require
a procedure that does not take a substantial amount of time to
apply, mark, and calculate results. For this reason, the most
commonly used type of reading age assessment procedure is
sentence completion (Gilliland, 1972). Sentences are taken from
a passage and certain words are omitted. The degree of
comprehension 1is the extent to which a person who has read the
passage can replace the omissions correctly. The words to be
replaced have usually been chosen to reflect only the content of
the passage and not the linguistic complexity. The name of this
type of assessment procedure is cloze and it comes from the
Gestalt Psychology term clozure. Clozure is used to describe the
tendency for a person to mentally complete or make whole an

incomplete pattern. Humans are able to fill in gaps in spoken or

17



written sentences and tend to do so. Taylor (In Gilliland, 1972)
defined a cloze unit as :

"... any single occurrence of a successful

attempt to reproduce accurately a part deleted
from a 'message’ by deciding from the context
that remains what the missing part should be."
(p.102)
The cloze procedure deals with specific word meanings and
also the ability of the readers to respond to their own language

patterns. Responses on a cloze test reflect the total Tanguage

capabilities of the reader.

The principle of the cloze procedure was used to develop a
standard reading comprehension test by MclLeod (1965). He devised
a simple test, titled the GAP test, made up of two passages 1in
which approximately every tenth word was deleted. The two
passages comprise alternative forms of the test. If greater
precision is required the two forms of the test may be combined
to form an aggregate score. The GAP test is easy to administer
and quick to score. Tables for converting scores into reading

ages are provided for each form of the test.

This form of comprehension test enables the teacher to
measure the student's response to the different elements of
language. The GAP test reading ages may be a better index of a
student's ability to apply their reading skills than traditional
word recognition or some comprehension tests since they rely on
the student being abie to comprehend the materials instead of

only recognising patterns (MclLeod, 1965).

18



The GAPADOL test (McLeod & Anderson, 1972) was based on the
GAP test and was designed to identify the reading ages of
adolescent children. It used the same strategies as the GAP test
and was designed specifically to discriminate reading ages at
many age levels. The GAP test had an effective ceiling at a
reading age of 10 and discriminated reading retardation
accurately only in children 12 or younger. However, the GAPADOL
test was designed to discriminate at high abilities and age

levels as well as Tow.

There are many other tests of reading and comprehension
available. However, 1in terms of ease of application and scoring
in educational research, the GAPADOL tests were judged to
provide the most reliable estimates of reading ability within the
constraints of the classroom. Therefore in this study I have
chosen to use the GAPADOL test as a measure of student reading

ability.

WHAT FACTORS AFFECT READING DIFFICULTIES?

Many factors affect the readability of textual materials and
the reading difficulties shown by students. Macinnis (1979)
outlined some important areas that affect the reading level and
the  students' comprehension and understanding of textual
material. The following factors tend to make textual material

more difficult to read and understand.

19



. Long words

. Unfamiliar words

. Long sentences

. Prepositional phrases
Impersonal words and sentences

. Passive voice

The factors mentioned above are applicable to reading
performance 1in general, however, when two or more factors are
present some overlapping occurs. For example, despite its Tength
the word 'temperature' because of the reader's previous
knowledge, will be more readable than 'par' for the average
reader. However, 1in terms of word Tength and pronunciability,
'par’ would appear to be easier. SimiTarly, at the sentence
level, a short sentence of wunusual structure may be more
difficult to read than a longer, more familiar structure.
Whenever two or more factors occur together a compromise solution

must be reached.

Johnstone and Cassels (1978) confirmed the six factors above
and found that questions using a negative statement were more
difficult to comprehend than those using a positive form. It was
also found that test ditems or written passages were more
difficult to read and comprehend if the use of connectives in the
sentences was not appropriate to the reading level of the student
(Gardner, 1978). Logical connectives are used to connect together
propositions. In Gardner's study, the following Tlist of

connectives presented severe difficulties to students.

20



as shown by
as to

by way of
clearly
consequently
conversely
e.g.
essentially
for instance
further
hence

here

in addition
in contrast
in general
in practice
in that

including

21

indeed

it follows that
moreover

namely

on the basis of
only if
respectively
say

similarly
simultaneously
so also

so to speak

the fact that
vis.

where

whereas

whereby

Figure 1. List of logical connectives (Gardner, 1978)

The logical connectives

students. Textual material

logical connectives

read and understand.

listed in Figure 1 often confuse

written containing many

may be too difficult for many students to

However it has been shown in other studies

that texts written without connectives tend to be confusing. The

readability of a text will be

appreciably affected by the

complexity of the relationships that these connectives develop.



Another factor influencing reading comprehension is the
frequency with which words occur in print. When opportunities for
encountering frequent words are increased, there is a better
chance of them being recognized. However, many of the most
frequently used words are function words and they are difficult
to comprehend. By altering function words, frequencies are
manipulated to facilitate learning to read. Ruddell (1965) found
that students' comprehension scores were significantly greater
when the textual material used contained oral language patterns.
He concluded that reading comprehension 1is a function of the
similarity of Tanguage patterns used in speech and those
encountered in reading material. Therefore, the relationship
between oral and written 1language structures needs to be

considered when designing workcards and tests.

Knowing the factors that affect reading difficulty in textual
material it dis  possible to attempt modifications or
restructuring of materials to enable them to meet the
requirements of a particular student population. In this study an
attempt was made to restructure textual material on science
activity cards and in a topic test. The language difficulty leve]
of  the textual materials was altered by implementing the

strategies discussed in this section,
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COGNITIVE PROCESSES INVOLVED IN CONSTRUCTING MEANING

The processes involved in constructing meaning from written
material are complex. It is not enough for proficient readers to
simply recognise the graphic display of a word. Proficient
readers need to know how a particular word is being used within
the context of the story. They need to be able to reduce
uncertainty about unfamiliar words they read. Word recognition
does not necessarily imply understanding but the recognition or
production of written descriptions is at Jeast a pre-requisite

for understanding.

Meaning is constructed by the reader from his/her knowledge
store and the sensory input just received. Reading involves the
interaction of the information the reader receives through the
visual system and the information that the reader already has
available 1in the Tong-term memory. This enables the reader to
recognise and organise the incoming information and to make sense
of it, Bell (1983} outlines key elements in the process by which
learners construct meaning.

"1. The existing knowledge of the learner is
viewed as the beginning point for the
construction of meaning from any
experience, not the experience itself,
Existing knowledge influences what will be
selected and attended to in the
environment.

2. The sensory input selected and attended to
by the learner, of itself, has no meaning.

3. In the construction of meaning from
sensory input, Tinks are generated by the
learner between the stimuli attended to
and what is perceived as relevant existing
knowledge.

23



4., The initial or tentative construction s
evaluated against the existing knowledge
and against the sensory input.

5. The Tlearner is active in constructing a
meaning 1in terms of attending to selected
stimuli, generating 1links to existing

knowTledge and evaluating the
construction."
(p.83)

From the processes above, unfamiliar words for which the
Tearner makes no connections to existing knowledge are, by
definition, meaningless. Sutton (1980) has developed the idea of
burr diagrams (Figure 2) to illustrate how new words and concepts
may be assimilated with previously known information.

from flower
Sweet Sweet

( kij?metimeggf pod of peas
Food Food /

Coloured orange Coloured strawberry
{sometimes)
strawberry seed container

(early) (Tater)
Figure 2. Burr diagrams (Sutton, 1980)

These burr diagrams become more complex as our knowledge and
understanding of the concept increases. The capacity to retrieve
and use a concept depends on the richness of other connections in
the stored version of the concept. The larger the number of
connections, the easier it will be to retrieve that information.
As the brain can only process a limited amount of visual

information at any given time, proficient readers organise a
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store of information in their memories. The meaning of a sentence
is derived from the original string of words by an active
interpretive process. When readers are confronted with an unknown
word they can find a group of words with similar patterns and so
guess at the meaning. In generating meaning, readers are
constructing a representation or explanation of what is decoded,

and organising this incoming information so that it makes sense.

According to Lipscombe {1981) the store of information s
known as our Tong-term memory. The short-term memory of the
learner has definite Timits. Only a few pieces of information can
be processed at one time. Many concepts in traditional science
and mathematics lessons can easily exceed these limits, short-
term memory is overloaded, and understanding collapses. The
processing and retrieval of information is enhanced 4if the
learners can transform the science concept into their own
language so that it can relate to other knowledge already in

their cognitive structure.

Investigations into concept Tearning (Pines and West, 1986)
have shown that knowledge that is reformulated by the learners is
more easily recalled; linked +to other knowledge; .is more
accessible; and more easily applied 1in novel situations.
According to Sutton (1980) it is the connectedness of one's

knowledge that makes it meaningful and accessible.

In the Overview for Lower Secondary Science (Education

Department of Western Australia, 1981) greater attention has been
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devoted to students using their previous experience, clarifying
ideas, reviewing and demonstrating understanding. Emphasis has
been placed on the student as an active learner. The acquisition
of knowledge may take place in one of three ways. Knowledge can
be memorised by rote, replace an existing concept or be
reconciled with existing concepts. A greater level of
understanding occurs in the Tast stage of concept Tlearning. Our
current science courses need to promote learning that involves

active participation by the student in acquiring concepts.

The idea that meaning varies from person to person, and grows
and changes with time, is unfamiliar in the world of science
instruction. The meaning of terms is thought to be fixed and
determined, so does not play a part in teaching methods. If
meaning was seen as something which has to grow, students would
be encouraged to locate more and more connections by saying "This
is an example of so-and-so', or "it makes me think of such-and-
such”, and these procedures would be a standard part of science
lessons (Sutton, 1980). Small group discussion, writing which
requires comparisons and contrasts, and re-expression in one's
own words would be a top priority among science lesson
activities, These approaches should be taken 1in order to
encourage students to construct linkages with their previous

concept knowledge.
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HOW DO YOU MODIFY TEXT TQ REDUCE READING DIFFICULTY?

According to Cassels and Johnstone (1984), presenting
information in a clear, organised fashion or in simple sentences
rather than larger, complex sentences with embedded clauses can
bring about improvement in performance. Information in a clear,
organized fashion reflects the Tanguage change influencing
thinking necessary to answer questions. Teacher modification of
complex  expressions canh bring about an improvement in reading

performance on textual materials.

To modify textual material in order to simplify the reading
Tevel required and comprehend the information given, the
following points must be considered. These points have been
proposed earlier in the literature review by Macinnis (1979),

Johnstone & Cassels (1978), and Gardner (1978).

. Shorter words are better than long words.

. Familiar words are better than unfamiliar
words.

. Short  sentences are better than Tong
sentences.

. Prepositional phrases should be avoided.

. Personal words and sentences are preferred
over the impersonal,

. The active voice is preferred to the
passive one,

. Negative item forms should be avoided.

. Connective words such as therefore, hence,
and consequently should be avoided.
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Writing should not be any more difficult to read and
understand than is necessary. Some writing is hard to understand
because the ideas are abstract and complicated. The following
sentence 1is an example of a difficult concept that occurs during
a science topic. "All fungi have many fine thread-like filaments
called hyphae which grow out to collect the food.”" It may be
impossible to simplify this type of writing (Shymansky and Yore,
1986). On the other hand, a good deal of writing is difficult to
read because the words used are unnecessarily abstract, and the
sentence and paragraph structure are needlessly complex. Many
students experience some difficulty with language that connects
premise and conclusion or observation and inference. By modifying
textual information it 1is possible to reduce the reading
difficulty levels. Once this has been done the student has a
better chance of being able to read and comprehend the
information provided. In this study the textual material for a
science topic was modified to reflect a lower language difficulty

level.

A REVIEW OF RESEARCH INVOLVING READING PERFORMANCE AND SCIENCE
ACHIEVEMENT

Most students have language difficulties at some stage of
their 1lives and teachers must be aware of the relationship of
language difficulty levels of materials and student reading
ability. If a textbook or test paper is written with a high
language difficulty level, students' comprehension may suffer and

they may confuse concepts. The language of science s very
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precise, and teachers must avoid taxing student understanding to
a level beyond their linguistic capabilities. If science concepts
and their interrelationships are to be understood, then students
need to Tearn the appropriate vocabulary and syntax. Teachers
need to ensure that textual materials are at an appropriate

level.

Gardner (1980) outlined two instructional procedures to be
followed if a word is difficult due to its unfamiliarity.
Teachers can either avoid using the term, replacing it by a more
frequently used and easily understood synonym or they can

deTiberately teach the term.

In an attempt to reduce the influence of general reading
ability upon performance on a science content test, Finklestein &
Hammill (1969) developed the Pictorial-Aural Inventory of Science
Knowledge. The inventory consists of a series of multiple—choice
items using pictures instead of words for both item stems and
distractors. Students are required to listen to the question
presented on tape, and choose an appropriate answer from items
shown on the picture screen. In this type of presentation
reading is eliminated. The study found that all students improved
their test score using this pictorial format, and the poor
readers  demonstrated greatest improvement. This suggests
achievement on written test items depends on reading performance
as well as knowledge of science and the interaction between these

factors.
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Another line of research has concentrated on modifying test
item  vocabulary, order of distractors and negative items
(Johnstone & Cassels, 1978). The positive results obtained on
test items can also be applied to the modification of larger
passages of textual material. Johnstone and Cassels (1978)
rewrote some test jtems in one of four ways to determine if this
made a difference to the student's score. In some items they
altered only one word; 1in others they reduced the length to
diminish "Tinguistic noise'; some were changed from negative to
positive forms and others were simplified by the removal of
subordinate clauses. Improved test scores were found in most of
the altered items indicating the changes allowed the students to

comprehend what was being asked.

Lynch (1978, 1980) investigated the use of process and
concept words in science. Science concept words and relevant
associations in a written passage make the meaning of the textual
material highly precise and the interpretation is more exacting
for the students. Concept words and associations are key factors
in  the communication of scientific knowledge. Students muét be
helped to wunderstand the meaning of these terms din order to
understand the scientific material. It is not sufficient to
memorise the concept words so that a knowledge/recall type
examination can be passed. Memorization does not lead to depth of

understanding.

Research has demonstrated students have trouble with

connective words Tlike consequently, hence, and therefore
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(Gardner, 1978). A logical connective is a term which serves to
link a phrase, c¢lause or sentence to another clause or sentence.
The Logical Connectives in Science project (Gardner, 1972) set
out to compile a comprehensive list of fhose logical connectives
found with moderate to high frequency din school science
textbooks, and to measure students' difficulties with these
terms. Scientific writing deals with causes, effects, and
inferences, so these connectives occur relatively more frequently
in scientific contexts. A student's interpretation of a question
or textual passage may be incorrect if the question 1is. phrased
using terms that s/he does not understand. Many of the words
utilised by teachers of secondary science are not accessible to
their students (Gardner, 1972). Thus, there is a need to improve
student's comprehension and to explain new terms and meanings

with a great deal of explanation.

Holcz (1980) demonstrated that students' reading performance
and not just their intelligence had an effect on achievement 1n
science. Gardner (1980) suggests that reading and intelligence
are related. Scientists generate scientific concepts through
intellectual processes such as  stimulus discrimination,
description, classification, correlation, and explanation in
order to deal with observable aspects of the world. If students
do not have the appropriate language level to deal with these
operations they will be unlikely to grasp the correct scientific

meanings of the concepts presented.
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A third line of research examines factors that affect student
science achievement. Some of the factors that have been
researched include student background (Schibeci & Riley, 1986},
attitudes to science (Cannon & Simpson, 1985), reading abilities
(Gilliland, 1972), classroom environment (Fraser, 1986), and
learner characteristics such as formal reasoning ability and

locus of control (Tobin & Capie, 1982).

Previous research in science on student reading performance
has attempted to describe the way students construct meaning from
words. Yore and Shymansky (1985) suggest that a poor reader is
unable to predict or anticipate the next section of the text.
Thus, poor readers have no strategies to uncover uncertainties in
what they read. These students need to be helped to discover
these strategies so that they can be used in their content area

reading to determine some of the unknown concepts.

Prevfous studies have modified textual material in order to
simplify the reading level required from students. Corey (1977)
found that the modifications did improve the reading rate of
students and also their comprehension of the text. MWright (1982)
conducted a similar study and found that although comprehension
scores were improved, science achievement was not altered. My
study seeks to compare the student's reading performance and

science achievement on particular science topics.

This Tliterature review has focussed on three -dissues: the

difficulty of reading textual material; methods used to alleviate
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problems due to language difficulty Tevel in textual material;
and the results of studies investigating relationships between

reading performance and science achievement.

Probiems of Tlanguage difficulty levels exist in tests,
textbooks, worksheets, and 1in the oral communication between
teachers and students. In oral communication an immediate remedy
can be applied if the teacher is sensitive to student verbal and
non-verbal responses. However, 1in the other cases, problems can
persist without anyone, 1including the students, being aware of
them. It 1is therefore very important to ensure that teachers and
others associated with the education process are aware of the

potential problems and methods for dealing with them.

SUMMARY

Research has been conducted into the appropriateness of tests
that purport to assess science achievement but are in fact also
measures of reading ability. Caution must be used in interpreting
test scores derived from traditional measures of achievement,
especially when these tests are used with students suspected of
underachievement in reading. A large proportion of students with
reading deficiencies may be penalized whenever they are subjected
to achievement tests or textual materials that require reading.
The tests may underestimate their knowledge in a specific

academic subject.
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This Tliterature review has covered many aspects concerned
with reading and science. The chapter discussed the instruments
used to determine reading ages and relevant research findings on
reading and science. In each of these sections, an effort was
made to relate this research to the student. There are a Tlarge
number of students in our schools today who need to be helped
towards a better understanding of what they see and read. This
study has been conducted with these students in mind. This study
focussed on the research hypothesis that there is a significant
positive relationship between student reading performance and

science achievement.
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CHAPTER 3
METHODOLOGY

OVERVIEW

This chapter describes the research methodology used in this
study. The sample characteristics are given and the design of the
study is detailed. The main focus of this study was on the effect
of modifications to textual material on low performance readers.
In order to achieve this, data were collected from large class

groups and also from a small group of selected students.

WHOLE CLASS STUDY

Sample

The sample included two Year 8 science classes containing 52
students (23 female, 29 male) from the same metropolitan
government high school. The students were the writer's own
science classes. This ensured that all students were subject to
similar conditions and teaching strategies. The students were
randomly assigned to classes at the beginning of the year. The
two <classes selected were representative of the Year 8 student
population at a metropolitan government senior high school iin

Western Australia.
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Design

The design for the whole class study 1is represented in

standard notation below.

Where,
0 s previous science topic tests,
O1 is reading age test,
O2 is a Plants and Animals pretest,
O3 is the modified Plants and Animals topic test,
04 is the original Plants and Animals topic test,
0: is a Plants and Animals posttest,

X 1is the modified Plants and Animals activity cards.
Class 1 followed the design above while Class 2 reversed the
order of O and 0 to counteract the practice effects of the

4 )
tests.

Firstly, the students' previous science topic test results
were collected. These topic tests are pencil and paper tests
given to the students at the end of each 4-5 week topic. They
represent the student's achievement on that topic. A1l of the
previous topic test results were averaged and the average score
was wused as an estimate of the student's overall science
achievement. The students' reading ages were measured using the
GAPADOL instrument. These results were used to assess student

reading performance.
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A pretest on the topic Plants and Animals was administered to
obtain baseline data for each of the students so that changes in
achievement could be measured. A posttest (an exact copy of the
pretest) was administered at the conclusion of the topic,
approximately five weeks after the pretest. These tests were used
to ensure that there was some change in achievement on the Plants
and Animals topic. At the conclusion of the topic, two additional
achievement tests were administered to the student sample. One of
these was the original topic test for Plants and Animals,
administered to all Year 8 students at this school. The second
test was a modified version of the topic test. The modifications

were designed to make the test easier to read and comprehend.

Each of the steps outlined above are described +in detail

later in this chapter.

Modifying Textual Material

Chapter 2 provided a summary of the main findings from the
relevant literature on modifying textual material. The research
indicated that reading difficulty could be reduced by: using
shorter words and sentences where possible; using familiar words;
avoiding the wuse of negative terms; and avoiding difficulty
clauses and connective words. By applying these findings it was
possible to reduce the language difficulty Tevel of textual

material in the activity cards and the tests.
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In this study, the 20 activity cards associated with the Year

8 topic Plants and Animals were modified. The two revision sheets
incTuded in the topic and the topic test were also modified. The
language and grammatical structure of the textual material were
altered in order to reduce the language difficulty level. Each of
the activity cards, revision sheets, and test were modified
using the guidelines below, as appropriate,

. Shorter words

. Shorter sentences

. Familiar words

. No negative items

. Avoid connective words

The figures below show examples of the original text and the

modified material.

Original Modified
PLANTS PLANTS

1. Plants remain fixed in one 1. Plants stay in one place,
place, expend little energy use 1ittle energy and
and move only slowly by move slowly by growth.
growth.

2. Most plants are green and 2. Most plants are green and
make their own food using make their own food by
the process photosynthesis. photosynthesis.

3. Plant cells are box-shaped, 3. Plant cells have a box
have a hard cell wall and shape, a hard cell wall
contain green chlorophyll, and green chlorophyll.

Figure 3. Original and modified text samples

38



Original Modified
ANIMALS ANIMALS

1. Animals move from place to 1. Animals move a lot
place in search of food and looking for food and to
to escape enemies. escape their enemies.

2. Animals obtain their food 2. Animals get their food by
ready made from plants or eating plants or other
other animals. animals.

3. Animal cells may be any 3. Animal cells can be any
shape, have no hard cell shape and they don't have
wall or chlorophyll. a2 hard cell wall or

chlorophyll.
Figure 4. Original and modified text samples
Original

. Label your petri dishes as I, II and III. Write your group

name on each one.

Place a piece of dry bread into Dish I, wet it and expose it
to the air for 20 minutes. Replace the cover on the petri
dish. Tape the two halves of the dish together.

. Place a piece of dry bread into Dish II. Expose it to the air

for 20 minutes and replace the cover. Tape the two halves of
the dish together.

. Smear one side of the microscope slide with petroleum jelly.

Place the microscope slide (petroleum jelly side up) into Dish
ITI. Expose it to the air for 20 minutes. Replace the cover on
the dish.

Examine these petri dishes regularly over the next three days.

Your teacher will tell you where to leave your petri dishes.

Figure 5. Original text sample
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Modified

1. Collect three petri dishes and write your name on them, Label
the dishes 1, 2 and 3.

2. In dish 1, put a piece of wet bread.
In dish 2, put a piece of dry bread.

In dish 3, put a microscope slide with vaseline on it.

3. Leave the three petri dishes open to the air for 20 minutes.
After this time put the covers on the dishes and tape them up.

4, Put the dishes at the side of the room and look at them for
the next three days.

Figure 6. Modified text sample

Figures 3 and 4 illustrate the way that the activity cards
were altered in order to reduce the language difficulty Tevel.
This modification was achieved by concentrating on changing the
vocabulary to shorter and more familiar words. The example shown
in Figures 5 and 6 focusses on changing the sentence length and

vocabulary of the text.

The complete set of original and modified materials are

contained in Appendices A and B.

Two panels of experts, each containing different members,
were established to ensure that the modifications carried out
altered only the Tlanguage of the cards and not the science
content or processes. The first panel included three teachers
involved in language instruction who considered the language used
in both the modified and unmodified cards. The panel were asked
to independently compiete a rating scale on the cards to indicate

whether the modified card had changed in vocabulary, syntax or



task difficulty level. A copy of this rating scale is contained
in Appendix C. The second panel included three science educators
who considered the science concepts covered in both the modified
and unmodified cards. The panel were asked to independently
complete a rating scale on the cards to indicate whether the
modified card had changed the scientific objective, concepts,
skills or terminology. A copy of this rating scale is contained

in Appendix D.

Science panel. The results of the ratings given by the science

panel are contained in Table 1.

TABLE 1

Science Rating Scale Results

Is the Modified Card the Same :-

Always Sometimes Never
Objective 1007 0% 0%
Concepts 937 17 0%
Skills 787 227 07
Scientific
Terminology 967 4z 0%

Average 92% 8% 0%
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As can be seen from this table the panel agreed that the
modified activity cards covered the same scientific objectives as
the original card. The concepts presented and scientific
terminology used on the cards were also highly matched. The
skills presented on the modified cards are the same as those on
the original cards in the majority of cases. Thus, for more than
90Z of the time, the modified cards cover the same scientific
objectives, concepts, skills, and terminology as the original

cards.

Language panel. The results of the ratings given by the language

panel are contained in Table 2.

TABLE 2

Language Rating Scale Results

What change has occurred in the modified card?

Fasier No change Harder
Vocabulary 76% 247 0%
Syntax 677 337 07
Task Difficulty Level 697 347 0%

Average 717 297 0%
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As can be seen from the table above the panel assessed the
vocabulary on the modified cards as generally easier. The syntax
was also given as easier by the majority of the panel. As a
result of these first two measures the task difficulty level of
the modified activity cards was also judged as easier. Thus, the
modified cards were altered such that the overall Tlanguage
difficulty level was simplified. The panel suggested that the
modified cards were easier than the original cards 1in
approximately 707 of the cases. In the remaining cases the panel
judged that there was no change in the vocabulary, syntax, and

task difficulty level.

Assessment of Student Reading Performance

Reading age can be used as a measure of student reading
performance. In order to assess the reading ages of students
involved 1in this study the GAPADOL test was chosen {(McLeod and
Anderson, 1972). This 1s a sentence completion exercise which

has a number of advantages over other tests that are available.

Firstly, this test can be administered to a large group of
students at one time. It 1is a pencil and paper test which
requires only that the students are supervised sufficiently to

prevent any co-operation and copying between them.

The second advantage relates to the time taken to administer
and score the test. The time taken to administer the test is 40

minutes and 1t is possible to score the students' responses
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quickly because there 1is only one correct response for each
answer. The student's score is then compared with a standard

reference table to find the appropriate reading age.

With these points in mind, the GAPADOL test suited the aims
of this study. Other tests available such as PAT (Australian
Council for Educational Research, 1973) or TORCH (Australian
Council for Educational Research, din publication) provide good
estimates of reading age, however, they have disadvantages in
administering and/or scoring. These are important considerations
for a classroom teacher. Thus, the GAPADOL test was chosen as the
most efficient method of obtaining reliable measures of reading
age. In this study the measures obtained for the two classes of
students had reliability coefficients of 0.94 and 0.93

respectively using the Kuder-Richardson 21 formula.

In order to obtain estimates of the students' reading ages,
Form G of the GAPADOL test was chosen to be administered. This
test was given to both Year 8 science classes containing students
of mixed ability in science. The test instructions were given
orally and the first sample test item was worked through as a

class group. Students completed the test in 30 minutes.

Science Achievement Tests

Two science achievement tests were used in this study. The
first involved a pretest and posttest on the Plants and Animals

topic, the starting point for data collection in this study. The
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questions required short written answers. The pretest enabled the
writer to gauge the prior knowledge of the students on this
topic. The posttest was an exact copy of the pretest and it was
given to all of the students after they had completed the topic
and the standard topic test. The pretest and posttest results
were used to determine if the students had made progress. A copy

of the pretest.is contained in Appendix F.

The second achievement test was the topic test. At the end of
every topic in Science students completed a 40 minute pencil and
paper test on the material included in the topic. This test was
composed of multiple choice questions and a written section where
extended answers were vrequired. In this study the Tanguage
difficulty Tevel of the topic test was also modified. Therefore,
both classes of students answered the original topic test and, a
week later, the modified topic test. These tests are contained in
Appendix A and Appendix B. To negate the effect of seeing similar
test questions previously, the classes completed the tests din
alternate order. Class 1 was given the modified test first and
then the original test, while Class 2 was given the original test
first and then the modified test. This was done to counteract the
practice effect that may have occurred as a result of seeing the
first test. The two tests were given in alternate order so that
the idnternal validity of the study was not threatened. Table 3
shows the internal consistency reliability coefficients for the
original Plants and Animals topic test and the modified test. It
also includes the sample reliabilities for the pretest and

posttest. The reliabilities were estimated using the Kuder-
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Richardson 21 formula.

TABLE 3

Reliability Coefficients for A11 Science Achievement Measures

Class Original Test Modified Test Pretest Posttest
1 0.85 0.87 0.87 0.94
2 0.9 0.92 0.90 0.91

Data Analysis Procedures

Of the original 52 students in this study, 48 sets of results
were used in the statistical data analysis. A loss of data
occurred because four students did not complete one or more of
the  science achievement tests on the Plants and Animals topic.
An a-priori decision was made to delete students from the study

if they missed any of the achievement tests.

By comparing the results on the original topic test and the
modified topic test for Plants and Animals it should be possible
to state whether the students with Tow reading performance
benefited from the modifications. A within-class correlation
procedure was run utilising the SAS statistical package (SAS,
1985) to obtain correlations between the results on the topic

tests and reading performance.
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T-tests were conducted using the SAS statistical package in
order to determine the significance of the differences observed
in test vresults. Differences were noted between the original
Plants and Animals topic test and the modified Plants and Animals
topic test as well as between the pretest and the posttest. T-

tests were performed on both of these differences.

CASE STUDY ON THE USE OF MODIFIED MATERIALS

A sample of five students was selected so that intensive
classroom observations and interview data could be collected in

order to answer the research hypothesis.

Sample

The selected student sample involved five Year 8 science
students (3 female, 2 male). Two students were selected from
Class 1, and three from Class 2. The selected students were

representative of the low performance readers in these classes.

Procedures

The procedures followed in the case study were identical to
the whole class study except for two additions. The science
achievement and reading age data were used as a basis for
identifying five students for intensive observation during the
study. These were low performance readers who showed below

average science test results even though they worked well in the
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classroom.

During classwork on the modified Plants and Animals activity
cards the five selected students were closely observed and their
participation in class, written work, and working partnerships

were noted.

The final stage of the study involved interviewing the five
selected students to examine their comprehension of the science
activity cards. They were asked to identify difficult words on a
sample of cards and asked to discuss how easy or difficult the
cards were to understand. The students explained some sections of
the cards and described how they worked out difficult passages

and from whom they sought help.

Identification of Selected Students

Student reading ages were used, along with other data, to
choose five students for intensive observation in  this study.
The students' vresults on their first five science topic tests
were collected as background information on the students. These
results were used to compute an average science achievement
score. The age and gender of students were also recorded. Table 4
shows the reliability coefficients for the science topic tests
used throughout the year. The internal consistency reliability
coefficients were estimated using the Kuder-Richardson 21

formula.
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TABLE 4

Internal Consistency Reliability Coefficients for the Test Data

Test Class 1 Class 2
1 0.92 0.88

2 0.90 0.88

3 0.87 0.85

4 0.89 0.85

5 0.85 0.84

6 0.83 0.81

7 0.85 0.91

The student's reading ages were determined and were compared
with the chronological age of each student. This produced an age
difference which was calculated in months. This age difference
and the science test average were used to identify possible
students for closer observations. These were students with a
greater chronological age than reading age and a Tlow average

science achievement score.

The number of students on the total class Tist was reduced by
considering the classroom attitude and behaviour of each student.
The final five selected students were chosen because they were
willing workers with a co-operative attitude in class. This was
done because such students were Tikely to co-operate in class and

use the written materials as directed.
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As a final check on the suitability of the five students the
remedial reading teacher was consulted. A1l five students chosen
were under her care for 2 hours each week, and it was agreed that

they were ideal students for intensive observation.

Classroom Observations

The five students selected for intensive observation were
observed during the topic Plants and Animals. The purpose of the
observation was to gain an insight into how they went about using
the activity cards. FEach student was observed by the teacher at
least once or twice each week for a 5 minute period. The five
students were also observed Tess intensively during each Tlesson.
The observations were recorded during the lesson and analysed at
a later date. These observation periods were used to focus on
five points.

(i)  Whether the student worked alone or with others.
(ii) Who the student asked for help.

(i11) The student's willingness to use the equipment.
(iv) The student's rate of progress.

(v) How the student worked out what to do from the

card.

During class time all students were expected to show the
completed activity cards to the teacher. A record of how many
cards had been completed was obtained for each of the five
students. The students' standard of written work was gauged at

this time and at a later time when the students' books were



examined in detail. The data that were obtained allowed the

writer to analyze how the students used the activity cards.

Interview Procedures

An dinterview was conducted with each of the five selected
students in this study. The interview was used to determine the
ease with which the students could utilize the modified activity
cards. Questions were asked about the procedures and the

vocabulary on the cards.

ATl five selected students were interviewed using a semi-
structured interview format. This ensured uniformity between the
interviews and also allowed the interviewer to be flexible iin
following up the responses given. Each student was interviewed
separately, and the interview was recorded on tape for detai]ed
analysis. The student was told of the background to the study

and a series of general questions were asked 1in order to

establish rapport.

Once this had been done the student was given photocopies of
two activity cards. The student was asked to read the information
given on the sheets and to circle any words for which the meaning
was not known or that s/he could not explain on request, Once
this was done the student was asked to explain the meaning of
several words and sentences from the activity cards. Appendix E
shows the cards used and the sections queried. The students were

given time to amplify or expand on the meanings of these
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sentences or words as well as the chance to use examples in
clarifying the ideas. The students' understandings were assessed
on a three point scale of 1 - fully understood; 2 - partly
understoed; and 3 - not understood at all. Some students were not
asked to explain all passages since they had already circled the
word as unknown and the interviewer left out the question. When

this occurred the grade was shown as 4.

The second part of the interview focussed on how the students
used the activity cards. They were asked to respond to gquestions
on how easy or difficult it was to follow the cards, who they
went to for help, how they worked out what to do, and where they
found the answers to the questions on the activity cards. They
were also asked for suggestions on making the cards easier to
read. At the end of this time the students were asked some
general questions in order to emphasize the informal nature of

the interview and were thanked for their voluntary participation.

The results obtained in these interviews were used to
indicate the depth of understanding obtained from activity cards.
By asking students to circle difficult words, an idea of the
difficulty they had 1in reading these cards was gained. The
students' responses were used to indicate the amount of
understanding that the students had of specific terminology.
During the second part of the interview classroom observations
made during the topic were complemented. Students described the

processes they engaged in while working on the activity cards.
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Data Analysis Procedures

The quantitative data analysis has been described 1in the
whole class study. In addition to these analyses the selected

student study involved analysis of qualitative data.

The five selected students were observed as they worked on
activity cards in the classroom, and at the end of the topic they
were interviewed. These two techniques were used to examine the
effectiveness of modifications to the Plants and Animals activity
cards. The writer observed students as they worked on the
activity cards and then the students explained how they used the
cards and where they had difficulties. Trends were observed in
the responses given by the students and the observations made by
the writer. An interpretation of these data enabled the

effectiveness of the modifications to be ascertained.

SUMMARY

This section of the report outlined the methodologies used to
investigate the vrelationships between reading performance and
science achievement. The chapter contained descriptions of the
data collection and data analysis techniques. The modification of
the activity cards was also discussed along with procedures used
to ascertain whether the science concepts, skills, processes, and

terminology were equivalent.
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A detailed account of the assessment of student reading ages,
background information, and identification of students for
intensive observation was compiled. The need for classroom
observations of selected students along with the interview

procedure were discussed.

Finally, the need for assessment of students' science
achievement and the procedures used were alsoc discussed. A
section on the analysis of the data explained how the data would
be processed 1in order to obtain answers to the research

questions.
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CHAPTER 4
RESULTS AND DISCUSSION

INTRODUCTION

This chapter presents the results and interpretations of the
study using the research.questions as an organizing framework.
The results are reported first for the whole class study and then

for the case study.

WHOLE CLASS STUDY

Research Question One

Research question one asked "Is student achievement on a
science topic test related to the reading performance of the
student?”, It refers to the relationship between student reading
performance and achievement on science topic tests. In order to
answer this question data were collected on the student's reading

age and performance on seven science topic tests.

Two classes of students were given the standard GAPADOL
reading test 1in order to determine the reading age of each
student. The science topic test results of each student were also
recorded and an average score was calculated. This average test
score was used as a measure of each student's science
achievement. Table 5 shows a summary of the results by class and

gender. The full set of student results is contained in Appendix

G.
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TABLE 5
A Comparison of Reading Ages, Chronological Ages, and Science

Achievement by Class and Gender

Reading Chronological Science
Class N  Gender Age Age Achievement
X s.d. X s.d. X s.d.
1 11 F 12.4 1.1 13.2 0.4 47.8 8.2
T4 M 1.8 2.2 13.1 0.4 53.6 12.5
1 25 Al 12.0 2.0 13.1 0.4 51.0 11.0
2 12 F 13.4 1.1 13.2 0.6 45.0 10.7
2 11 M 10.7 3.4 13.2 0.4 41.1 8.9
2 23 AN 12.5 1.8 13.2 0.5 43.17 9.9

Both Year 8 classes contained a mixture of students studying
at all Tlevels. The course taught throughout the year was a
general science course. In both classes the average chronological
age was 13 years and 2 months. The average reading age in Class 1
was 12 years while in Class 2 it was 12 years and 5 months. This
difference between classes was not statistically significant at
the 0.05 Jlevel. However, in both classes many students had a
reading age below that of their chronological age. In fact, only
nine students 1in each class had a reading age above their

chronological age.



The average science achievement in Class 1 was 51%Z, while the
average in Class 2 was 43%. There is a statistically significant
difference in these two figures (p<0.05). .A1though students were
randomly assigned to the two classes at the beginning of the
school year they showed a significant difference in science

achievement throughout the year.

When the results of the science achievement measure were
compared with the reading ages in each c¢lass the following

correlational data were obtained.

TABLE 6

Correlational Data on Reading Age and Science Achievement

Class N  Reading Age Science Achievement Correlation
X s.d. X s.d.
T 25 12.0 2.0 517 11.0 0.46
2 23 12.5 1.1 437 9.8 0.75

Each of these correlations was significant at the 0.05 level.
Thus, student achievement on science topic tests is significantly
related to the reading performance of the student. A higher
correlation was found in Class 2. This result is supported by the
independent observations of the writer. Students in Class 2 with
a low reading Tevel seemed to have trouble handling the classroom

activities. However, some of the students in Class 1 with Tow
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reading levels were excellent workers and were always willing to
try set tasks. Thus, it s not possible to use reading
performance as an absolute predictor of achievement since not all
of the students fit this pattern. There was a general trend for
students with a relatively high reading performance to score

higher marks on science achievement tests.

Research Question Two

Research question two asked "Do Tinguistically modified
science materials enable students with low reading performance to
more easily comprehend the science materials?". It concerned the
comprehension of modified science materials by low performance
readers. This question was answered using selected students 1in
observational work and interview situations. The results are

reported in the selected student study later in this chapter.

Research Question Three

Research question three asked "Do Tlinguistically modified
tests enable students with low reading performance to more
successfully demonstrate their science achievement?'". It seeks to
determine if a modified science topic test would enable students
with low reading performances to more successfully demonstrate
their science achievement. The regular science topic test and a
modified science topic test were utilised in order to obtain

data to answer this question.

58



In Class 1, the average gain on the modified test was 4%. The
results of the t-tests indicated that the gain was statistically
significant (p<0.05). In Class 2, the average gain on the
modified test was 6%. The t-test indicated that this gain also

was significant {p<0.05).

The reading performances of students were compared with the
results on the original and modified topic tests using the
Pearson correlation formula. Both tests were significantly
related to reading age (p<0.05). The original test produced a
correlation coefficient of 0.43 while the modified test produced
a correlation coefficient of 0.33. Thus,. the modified test
reduced the reliance on reading performance but did not eliminate

it completely.

A small number of students in each class did not benefit by
the test modifications undertaken +in this study, however, changes
in the class mean scores demonstrated an improvement in the
science achievement. The study therefore demonstrates that not
only do students with a Tow reading performance benefit from a
test written in simpler language but so do other students in the

class.

Both science classes showed gains over the pretest and
posttest period. The average gain for Class 1 was 20% while the
average gain for Class 2 was 177, Both of these gains were
statistically significant (p<0.05). Most students from both

classes showed a substantial gain on the posttest when compared
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to their pretest result.

In conclusion, it appears that students do benefit by having
a science topic test which has been modified in order to reduce
the language difficulty level. Not only do the Tow performance
readers show an improvement in their science achievement but so
do most other students. This probably occurs because the
questions are no longer written using complex language structures
and so are easier to understand. Thus, the students are no longer
confused during the reading of the questions and were able to

demonstrate their science knowledge.

CASE STUDY ON THE USE OF MODIFIED MATERIALS

Research Question One

Research question one refers to the relationship between a
student's reading performance and science achievement. The same
procedure was followed as in the whole class study and similar
results were obtained. Table 7 shows the data for the selected

students,
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TABLE 7

Data on the Selected Students

Student Class Reading Chronological Science Gender
Age ' Age Achievement

Fiona 1 10.7 13.2 35% F

James 1 11.6 13.2 437 M

Annette 2 10.6 12.9 337 F

George 2 10.11 13.4 377 M

Jane 2 11.7 14.5 317 F

Fiona, James, Annette, and George all support the trend that
as reading performance increases so does science achievement.
Jane s the only selected student who does not appear to follow

this trend.

Research Question Two

Research question two seeks to identify whether students with
a low reading performance find it easier to comprehend the
modified science materials. In order to answer this guestion
observational data were collected and analyzed. The following
observations were obtained from two main sources of data. These
were the observations that were made in the classroom situation

and the interviews conducted with the selected students.
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The selected students were numbers 7, 9, 29, 31, and 35 from
Appendix G. The following summaries illustrate the way that each
of the selected students went about the set tasks in the science
classroom, and also the responses given during informal
interviews. FEach observation focussed on how the students

comprehended the modified activity cards.

Fiona. Fiona was a quiet and co-operative student in class. She
usually worked with a group of females although she did not
participate 1in setting up equipment for activity work. Her
written work was usually done on her own and she completed the
work quietly and steadily. Fiona was willing to ask me for help
during the Tesson as long as there were other students asking for
help. She may have used other workmates to get the answers to

questions.

Fiona asked fewer questions of me during the Plants and
Animals topic. She spent more time working with other students in
a co-operative manner than she did in previous topics. She sat
with students who achieved good results in class, and learned to
work with them. Fiona was not seen copying other student's work.
She produced complete answers to questions for the Plants and

Animals topic.

From the observations of Fiona during the Plants and Animals
topic it appears that she found it easier to work on these
modified materials. During previous science topics Fiona had not

completed all set work.
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The interview data produced some useful insights into the
methods wused by Fiona to work from the activity cards. First of
all she had no trouble explaining the chosen section from Card A.
However, she did have problems explaining the terms from Card B.
The sections that gave Fiona trouble 1involved scientific
terminology. The terms photosynthesis and spores were not
explained correctly even though Fiona had not circled them as
unknown. The terms decomposers and parasites had been circled as
unknown and so these terms were not queried. Fiona was able +to

explain the term fibre but not in a scientific context.

Fiona was confident that she could use Card A independently.
During the dnterview she also indicated understanding of the
processes  involved 1in completing interview Card B. Fiona
explained that the textual material contained information to be

used in completing the notes on the cards.

Fiona suggested explaining some of the scientific terminology
in detail 1in order to make card B easier to understand. She
suggested "Put like a definition of it". Fiona stated that
definitions of the major scientific terms would enable her to
understand them. If Fiona was having trouble understanding a card
she asked the teacher or other students for help. The students
mentioned were the brighter students in the «c¢lass. Thus, Fiona
was confident enough to walk around the room and ask anyone for
help. This may be the teacher or students in the class who have

shown ability in science.
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Fiona developed a number of strategies to help her understand
the science activity cards. She was willing to ask other students
or the teacher for help and watched other students as they worked
on the cards. She showed a greater level of work during the
modified Plants and Anima1$ activity cards than 1in previous
science topics. Thus, Fiona showed that she found the modified

activity cards easier to understand and compiete.

dJames. In the earlier topics James was a demanding student. If he
was not sure of what to do or the answer to a question then he
asked me to tell him. He tended to ask for answers even though he
could work them out. Thus, he needed to be guided through the
work, He asked fewer lower level questions during the Plants and
Animals topic than he did in earlier science topics. dJames still
asked about more difficult aspects of the activity cards but he
spent a-greater proportion of time working on the cards on his
own. He did not work with other students and usually came
straight to me for help. Thus, his Tack of questions during this
topic fndicated that he genuinely was able to do more of the work
on his own. His rate of progress throughout the topic was on a
par with most of the students in the class. James was very keen
to use any equipment dinvolved in the activity cards. He
confidently handled the use of a microscope after dinitial
instruction in its functioning and was keen to Tlook at the
maximum of six slides rather than the minimum of two which were

required,
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The interview data highlighted some strategies used by James
to work from the activity cards. Firstly, he had no trouble
explaining the sections chosen from Card A. James also managed to
attempt explanations for most of the terms on Card B. He partly
explained the terms photosynthesis and fibre, although he could
not explain spores. However, the scientific terms decomposers and

parasites were circled as unknown.

James was confident that he could use Card A independently.
He also indicated understanding of the processes involved in
completing Card B, James explained that the textual material
contained information to be used in completing the notes on the

card,

James suggested simplifying the scientific terms on Card B in
order to make them easier.to understand. He wanted to replace the
scientific terms with words that were easier to comprehend. If
James was having trouble understanding a card he asked the
teacher or other students for help. The students named were the
brighter students in the class. Thus, James was confident enough

to ask anyone in the room for help.

James has developed a number of strategies to help him
understand the science activity cards. He showed a lower Jevel of
uncertainty during the modified Plants and Animals topic than din
previous - science topics. Thus, James showed that he found the

modified activity cards easier to understand and complete.
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Annette. Annette was a quiet student who tended to work with
other females during the lesson. She watched what other students
were doing and often copied their work into her book. Annette did
not participate well in experimental work. She was not inclined
to manipulate the equipment and tended to watch what others were
doing. Annette was willing to ask questions of me but only after
she had tried to get the information from other students. She
worked very slowly and meticulously. Annette sat with students of
her own ability and tended to socialise as well as complete work.
I did not notice a change in Annette's work pattern during the

modified Plants and Animals activity cards.

The interview data produced some useful information about the
methods used by Annette to work from the activity cards. First of
all, she had no trouble explaining the chosen sections from Card
A. However, she did have problems explaining the terms from Card
B. The sections that gave Annette trouble involved scientific
terminology. The terms photosynthesis and fibre were not
explained correctly even though Annette had not circled them as
unknown. The terms spores, decomposers, and parasites had been

circled as unknown and so these terms were not queried.

Annette was confident that she could wuse Card A
independently. She also indicated understanding of the processes
involved in completing card B. Annette explained how to find the
information to complete the cloze exercise by stating "From the

bits you've read".
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Annette  suggested explaining some of the scientific
terminology 1in detail din order to make card B easier to
understand. She suggested writing explanations of the scientific
terms on the activity cards. If Annette was having trouble with a
card she stated that she would go straight to the teacher and not

ask any students for help.

Annette did not develop a large number of strategies to help
her use the activity cards. She worked steadily and consistently
to produce a suitable rate of work during the modified Plants and

Animals activity cards.

George. George was a quiet student who spent most of the time in
class working on his own. He was a slow and consistent worker.
George rarely asked questions about the activity cards but when
he did they were directed to me or to a bright student who sat
next to him. George was interested 1in conducting minor
experiments in science but Tleft the setting up of microscopes
and chemical reactions to his partner. Since George rarely sought
answers to questions from me the only guide to his ability to
utilise the cards was in the amount of written work he produced.
As he worked on his own this gave an idea of how well he
understoed the cards. George completed the majority of cards in
the Plants and Animals topic. This compared very favourably to
other topics where George had completed less than half of the

activity cards.
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From the observations of George made during the Plants and
Animals fopic it appeared that he found it easier to work on
these modified materials. During previous science topics George
had not completed all set work but he did complete the work

during the Plants and Animals topic.

The dinterview data produced some useful insights into the
methods used by George to work from the activity cards. Firstly,
he had no trouble explaining the chosen sections from Card A.
However, he circled many words on Card B as difficult. This meant
that none of the terms on Card B were available for George to
explain., The sections that gave George trouble invoived
scientific  terminology. The terms photosynthesis, spores,

decomposers, and parasites were all circled as unknown.

George was confident that he could use Card A independently.
He also dindicated understanding of the processes involved 1in
completing Card B. George pointed to the textua1 information on
the activity card when asked where he found the words to complete

the notes on the cards.

George  suggested replacing the difficult scientific
terminology with simpler words in order to make Card B easier to
understand. If George was having trouble understanding a card he
asked a bright student who sat next to him. He rarely asked the

teacher or other students for assistance.
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George developed a number of strategies to help him
understand the science activity cards. He showed a greater level
of work during the modified Plants and Animals activity cards
than in previous science topics. Thus, George showed that he
found the modified activity cards easier to understand and

complete.

Jane. Jane was a quiet and co-operative student in class. She sat
with other females but always worked on her own. She relied on
reading the cards and following the instructions. Her approach
was steady and purposeful. Jane came to me to ask questions
when she had tried to work out an instruction or answer but had
not been able to achieve this. She made every effort to learn.
During the Plants and Animals topic Jane had asked very few
questions. She methodically worked her way through the activity
cards. Jane showed skills at using the microscope but rarely
attempted the wuse of equipment without encouragement from her

partners.

From the observations of Jane made during the Plants and
Animals topic it appeared that she found it easier to work on
these modified materials. During previous science topics Jane had
not completed all set work but she did most of the work during

the Plants and Animals topic.

The interview data produced some useful insights into the
methods used by Jane to work from the activity cards. First of

all, she had no trouble explaining the chosen sections from Card
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A. However, she did have some problems explaining the terms taken
from Card B. The sections that gave Jane trouble involved
scientific terminology. The terms photosynthesis, fibre, and
spores were not explained correctly even though Jane had not
circled them as unknown. The terms decomposers and parasites had

been circled as unknown and so these terms were not queried.

Jane was confident that she could use Card A independently.
She also indicated understanding of the processes involved in
completing Card B. Jane explained that the textual material
contained information to be used in completing the notes on the

card.

Jane suggested replacing some of the scientific terminology
in order to make card B easjer to understand. She suggested "Just
use a more simpler word and I can do as it says". When Jane was
working on the activity cards she had a philosophy of attempting
the cards by herself first. "I try to do the cards on my own
first and then if I can't I just ask.'" Jane asked the teacher or

other students for help with the cards.
Jane developed a number of strategies to help her understand
the science activity cards. She showed a steady level of work

during the modified Plants and Animals activity cards.

General trends. The observations recorded on each student

outlined the strategies that they used to work in the science

classroom. This section emphasises points made during the
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observations and interviews.

The first stage of the interview procedure involved the
students being given two modified activity cards. They were asked
to read the cards and to circle any words that they did not
understand or for which they could not explain the meaning. Table

8 shows the number of words that were circled by the students.

TABLE 8

Student Survey Showing Number of Circled Words

Student Card A Card B
Fiona 1 6
James 3 8
Annette 1 7
George 1 7
Jane 1 9

It was interesting to note that most of the words circled on
the cards by each student were the same. On Card A, every student
circled the word stimulus as unknown. On Card B, every student
circled the words <chlorophyll, photosynthesise, hyphae,
decomposers, parasites, and antibiotic. Thus, it was the
scientific terms that students found difficult to explain. In a
previous study (Ireland, 1985) students circled many common

English words as difficult. However, on the Plants and Animals
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activity cards these words were replaced and students seem to

have found the replacements easier to comprehend.

When the students were asked to explain some words or
sentences on the activity cards trends were observed 1in the
responses given. Table 9 shows the students' graded responses.

1 - fully understood
2

partly understood

3 - not understood at all

.
1

question not asked

TABLE 9

Students' Graded Responses of Passage Explanations

Card Passage Student

Fiona James Annette George Jane

A A 1 1 1 1 1
A B 1 1 1 1 1
B C 1 1 1 4 1
B D 3 2 3 4 3
B E 2 2 3 4 3
B F 3 3 4 4 3
B G 4 1 4 4 4




As can be seen from this table each student gave varying
explanations of the chosen textual words or passages. James could
explain most of the passages to a greater extent than the other
students. Fiona, Annette, and Jane tried to explain the passages
but were not very successful. George circled many of the passage

words as unknown.

From these results and the number of words circled as unknown
it can be stated that Card A was easier to comprehend than Card
B. Card B presented a few problems for students even in its
modified form. A number of scientific terms were circled as
unknown and students had difficulty explaining the meanings of
the given passages even though the words were presented to them
in context. The students may have been able to read most of the
words using a phonetic approach but they still could not explain
the terms and did not appear to fully understand them. The fact
that the students did not circle many of the words seems to
indicate that they thought they could explain the words. Thus,
these students saw reading and understanding as highly 1linked
events, whereas comprehension does not necessarily follow from
the ability to read. When the students were asked to explain
passages there was a definite gap in their comprehension of terms
compared with their perception of the difficulty of the same

terms,

The comments made by the students during the interview
indicate that they were quite willing to work independently on

the activity cards and that they were capable of following
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instructions from the cards and completing any cloze notes. The
students could work from these cards at a self-paced rate. The
only time the students had trouble comprehending the cards was
with the circled scientific words. This  supported the
observations made previously in the classroom. Students worked on
the modified activity cards during the lesson and were seen to

complete the relevant written work.

Most students said they would approach the teacher with any
problems or ask some of the brighter students for help with the
activity cards. The classroom observations showed that during the
Plants and Animals topic the selected students did not ask as
many questjons of the teacher and they were not seen asking
brighter students for help. Thus, it can be concluded that the
selected students found it easier to comprehend and work on the

modified activity cards in an independent manner.

Research Question Three

Research question three concerns the effect of modifying
science topic tests in order to reduce the Tlanguage difficulty
level. Data were collected to determine if Tow performance
readers more successfully demonstrated their science achievement
on the modified topic test. Table 10 shows the test scores for

the selected students together with their class.
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TABLE 10

Students' Science Test Results

Student C(lass Original Modified Difference ZDifference

Test Test
Fiona 1 42 54 12 29
James 1 45 51 6 13
Annette 2 26 32 6 23
George 2 44 45 1 2
Jane 2 26 33 7 27

A1l of the selected students showed an increase in science
achievement as measured by the modified test. The increases range

from 12% to 1%.

The average gain on the modified test for Class 1 was 47.
Class 1 did the modified test and then the original test.
However, Fiona gained 127 and James gained 6%. Thus, the modified
test allowed these two students to demonstrate their science
achievement more successfully than the original test., The average
gain on the modified test for Class 2 was 6%Z. Class 2 did the
original test and then the modified test. Jane gained 7%, Annette
gained 6%, and George gained 1% in Class 2. Thus, the modified
test allowed Jane and Annette to demonstrate their science
achievement more successfully than the class average. However,
the modified test did not seem to help George demonstrate his

science achievement more successfully. The selected students
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demonstrated a gain in science achievement when the Plants and
Animals topic test was modified to reduce the language difficulty

level.

A pretest and a posttest were administered to the selected
students as part of the whole class study. Table 11 shows gains

over the duration of the Plants and Animals topic.

TABLE 11

Students' Test Results

Student Class Pretest Posttest Difference 7ZDifference

Fiona 1 17 41 24 58
James 1 13 13 0 0
Annette 2 8 13 5 38
George 4 3 28 25 89
Jane 2 0 21 21 100

The average gain in Class 1 was 207 so Fiona showed a larger
than average gain on her posttest. However, James simply
maintained his pretest score. The average gain in Class 2 was
17%. This indicates that George and Jane have shown a larger than
average gain on the posttest while Annette achieved a slightly

lower than average gain.
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The selected students test results show that gains in science
achievement were made during the Plants and Animals topic. The
modified topic test made it easier for the selected students to
demonstrate their science achievement. However, a relatively low
level of posttest achievement occurred despite the use of the
modified materials. This may indicate the cumulative nature of
the Tlearning process. These trends were also observed 1in the

whole class study.

SUMMARY

This chapter focussed on presenting the results of the study
and discussing the possible explanations of classroom
observations. The three points below represent the main findings

of this study.

The reading performance data were found to correlate
significantly with science achievement as measured on topic
tests. Class 1 produced a correlation coefficient of 0.46 while
Class 2 produced a correlation coefficient of 0.75. Thus, it
appears that a student's science achievement is related to
reading performance. Those students with a high reading
performance tend to score better on science achievement measures
than those students with a Tow reading performance. This finding
is consistent with an interpretation that poor reading skills
inhibit science learning as the topic is studied in <c¢lass and

also when achievement is assessed.
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The selected students found the modified activity cards
relatively easy to use and they could work on them independently.
Thus, textual material needs to be presented at an appropriate

reading level for dindependent learning to occur.

A1l of the selected students showed improved science
achievement on the modified Plants and Animals topic test.
However, the rest of the students in the ciass also benefited
from the modified test. Thus, the modifications made it easier

for most students to demonstrate their science achievement.

The results stated above indicate that reading performance is
related to science achievement. However, it also seems that other
student- or class-based factors may influence science
achievement. Thus, there is a need for further research in the

area of factors affecting student science achievement.
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CHAPTER 5
SUMMARY, CONCLUSION AND IMPLICATIONS

INTRODUCTION

This chapter presents a summary of the study and the
findings. An outline of the aims, research findings, and
methodologies are provided followed by an examination of the
limitations of the study and a discussion of the results and
conclusions. A discussion of the dmplications for science
teaching are also presented along with recommendations for future

research.

SUMMARY

The purpose of this study was to determine the effect of
reading performance on student science achievement. Many students
experience reading difficulties with science materials and so an
accurate measure of their science achievement is difficult to
obtain wusing conventional pencil and paper tests. A similar
problem exists when students work from self-paced activity cards
during science lessons. If the student has trouble reading and
understanding a workcard then very 1little learning can be
achieved. Many texts, references, and tests used to promote or
assess achievement in school subjects place a high premium on
reading ability. Failure to answer a question correctly on a test
may be a result of a reading difficulty , a lack of specific

content knowledge, or a combination of these factors. The current
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study focussed on the relationships between reading performance

and science achievement,

There are many studies which seek to match the reading
difficulty Tevel of textual materials to the reading ability of
the students involved. Macinnis (1979) and Johnstone and Cassels
(1978, 1984) both produced a series of steps that could be used
to modify textual dnformation in order to reduce reading
difficulty. Further research on words and phrases that cause
difficulty was conducted by Gardner (1978, 1980) and Lynch (1978,
1980). These studies concentrated on connective words and
phrases. Yore and Shymansky (1985) suggested that student reading
ability 1is related to achievement. Poor readers have few
strategies available to help them understand what they read.
There are a large number of students in our schools who require a
better understanding of what they read. These students should not

be penalised for their poor reading and comprehension skills.

This study sought to determine methods of reducing the
reading difficulty of materials and of analyzing students'
science achievement scores. Both qualitative and quantitative

aspects were considered.

The sample of students used in this study was taken from two
mixed ability Year 8 science classes. The reading performance of
each student 1n these classes was measured using the GAPADOL
reading test. Student science achievement and reading age were

used to identify five students to take part in detailed
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observations throughout the study. These selected students were
chosen because they had a low reading age and Jlow science
achievement even though they were willing workers in  the
classroom. These students were observed throughout the topic
Plants and Animals 1in order to determine their method of
utilising the science activity cards., At the conclusion of the
topic the selected students were interviewed. They were asked to
identify difficult words in a textual passage and explain some of
the meanings of passages from the activity cards. They were also

questioned on the ease with which the cards could be used.

The final data coliected in this study involved the students'
scores on a regular science topic test for Plants and Animals,
along with results on a modified test. These results were used to
determine the effectiveness of reducing the language difficulty

of the test paper.

RESULTS OF THE STUDY

The main aim of this study was to determine the effect of
reading performance on student science achievement. From the
results in Chapter 4, several conclusions can be drawn regarding
the relationship between student science achievement and reading

performance,

The correlation between reading age and science achievement
indicates a significant positive relationship between the two

variables. The correlation between the two variables was
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significant 1in each class. Class 1 produced a correlation
coefficient of 0.46, while Class 2 produced a correlation
coefficient of 0.75. As a result of these correlations it appears
that reading performance may be a factor in student science
achievement. Students with higher reading performance 1in both
classes tended to obtain higher science achievement scores. This
result raises the possibility that reading performance and
science achievement are related. However, 1t may be that these
two variables are caused by a third factor. Thus, the
correlations between reading performance and science achievement

may be relational.

One of the strategies undertaken in this study dnvolved
collecting observational and interview data from a small group of
students. These were Tlow performance readers with low science
achievement scores even though they were willing workers. These
selected students found the modified activity cards easier to
work on independently. Classroom observations and interview data
support this proposition. Students were observed to use the
activity cards in an independent manner more often than iin
previous topics. The amount of written work completed was higher
than the amount completed in earlier science topics. During
student interviews the selected students indicated a willingness
to work using the activity cards at an independent rate. Thus, by
altering words and phrases on the activity cards it was possible
to reduce the language difficulty level of the cards and allow

students to work independently.
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Another trend observed during thfs study concerned the effect
of modifications to the Plants and Animals test on the science
achievement of Jlow performance readers. A1l of the selected
students showed improved science achievement on the modified
test. However, the rest of the students in the c¢lass also
benefited from the modified test. Thus, the modifications made
it easier for most students to obtain higher science achievement
scores. This finding underscores the possibility that estimates
of science achievement based on written tests might be suppressed
because of problems encountered 1in understanding what was
required to answer written test items. When the students were
given test ditems written in terms which they could read. and
comprehend easily a significant improvement was shown 1in the
student  achievement results. Thus, the variables reading

performance and science achievement are significantly correlated.

Although the sample size in the observational part of this
study was not Targe, some valuable trends were observed. Reading
performance may be related to science achievement. As a student’'s
reading performance dncreases so does science achievement.
However, there may be other student- or class-based factors that

influence science achievement.
LIMITATIONS OF THE STUDY

Research studies of this design are frequently Tlimited din
their representativeness because of the number of extraneous

factors which may influence the generalizability of the results.
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Purity of research design may sometimes be sacrificed due to
practical constraints of the school situation. Several factors
may have limited or confounded external validity of this study,

the most important of which are discussed below.

The sample of students wused in this study might not be
representative of the population of Year 8 students. The class
samples involved 52 students, and only five selected students
were dinvolved in the direct classroom observations and interview
situation. The choice of the selected students also introduces
the possibility of a non-representative sample. There may have
been other students who would have been moré representative. This
means that it is difficult to generalize the findings of this
study beyond the school in which it was condﬁcted. However, this
study was designed to obtain detailed observations of students in
order to understand their methods of learning science. The study

therefore was seen to be exploratery in nature.

A second factor concerns the randomness of the sample. The
sample involved two Year 8 science classes from the school
involved in the study. However, the heterogeneity of the groups
cannot be guaranteed even though random samples were drawn.
Students were 1hit1a11y allocated to their science classes in a
non-systematic manner so that each class was heterogeneous with
respect to science achievement. Consequently, vioclation of the
assumption of random assignment to groups, which underlies the

statistical tests used in this study, may not be serious.
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One of the benefits in the design of this study came from the
researcher being the classroom teacher. This allowed the
researcher to call on valuable background observations of each
student, obtain the co-operation of students in test
measurements, and conduct an informal interview. During the
interview it was an advantage for the researcher to be the
classroom teacher. It was possible to listen to the student's
answers and tell, from experience with these students, that the
answers were genuine vresponses. However, a corresponding
disadvantage occurs. The teacher is responsible for all students
in the classroom and must often spend time attending to queries,
helping set up equipment, and teaching the class. This means that
valuable observations of the selected students may have been
missed since attempting to be both researcher and teacher is
time-consuming and organizationally difficult. A disadvantage of
the teacher as the sole researcher is that the teacher may have

been biased or overly focussed on the selected students.

The methods employed to modify the difficulty levels of the
activity cards and test were comparatively new techniques for the
researcher. Thus, only slight modifications were made to the
activity cards and the test materials. These modifications appear
to have been successful although a larger decrease in Tanguage

difficulty level would have been advantageous.

One of the difficulties faced in this study concerns the
interview procedure. Whenever an interview is conducted the

researcher must be careful to avoid a number of pitfalls. The
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interviewer must be unbiased at all times, avoid leading
questions, and avoid stressing the correct answer, There 1is also
considerable stress on the student during an interview and this
must be alleviated as much as possible. This was not a serious
problem during this study since the interviewer was the classroom
teacher. The students appeared comfortable when answering the

guestions.

The 1ldimitations discussed above must be taken into account
when reading the results of this study. However, none of the
limitations are major enough to warrant exclusion of the results

of the study.

IMPLICATIONS OF THE STUDY

There are five main educational implications that arise from

this study.

The first involves the suitability of written materials for
students. Where possible, teachers should match the Tlearning
materials chosen with the characteristics of the students. One of
these characteristics is reading ability. If students with a Tow
reading performance are given a difficult-to-read worksheet, they
will be 1limited 1in their ability to use it as a Tearning
resource. The teacher's task 1is to match the students with
appropriate learning materials. The reading difficulty levels of
worksheets and activity cards can be measured and altered. If

this approach is taken then the students have written material to

86



work with that is appropriate to their reading performance level.
This might allow students easier access to the dinformation
contained in the cards and possibly increase their performance in
science. Related to the idea of making the materials more
readable are the strategies involved in concept learning. The
teacher needs to focus on presenting students with materials that
build on science concepts as well as the reading skills and
concepts already attained. Thus, the students need to be
encouraged to actively interpret the materials that they read.
These strategies should improve science achievement results as

well as reading performance.

The second implication concerns the reading difficulty of
test questions. Questions should be written at a language level
appropriate for all students to understand the question. Although
this 1is a difficult task it allows students to use a minimum
amount of previous knowledge and they have a greater chance of
comprehending the question. This would provide a better
measurement of the student's science achievement instead of
relying on reading performance in the test. Thus, by creating a
test that can be read by all students, science achievement scores
will not be diminished because of reading JTimitations of
students. This can be stated in more general terms. Any items
used to assess student achievement in subject areas should place
Tow reliance on student reading performance. A1l students must be
given a reasonable chance to demonstrate their knowledge in
specific subject areas. They should not be penalised for a

failure to read or understand the questions in tests. A Tlarger
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percentage of assessment time could be spent observing students
during practical work or book work. These methods of assessment

are as valid for achievement as written tests.

The third implication is for science teachers and teacher
educators. Teachers must ensure that students are given every
opportunity to participate in class work and the Tlearning
experience. Active Tlearning implies that the students are
involved in the Tearning process. They have access to equipment,
resources, and written instructions. It is also important that
students are able to demonstrate their acquisition of science
knowledge. Thus, achievement measures that are difficult to
understand are testing the student's reading ability as well as
knowledge of science. More attention needs to be paid by all
educators to the role of reading in the learning process. Teacher
training 1institutions have a role to play in improving the
strategies used by teachers to educate students, The
institutions must focus attention on the relationship between
reading strategies and concept learning. Teachers must be trained

in the development of reading skills in students.

The fourth dimplication concerns low performance readers.
Students who show a low reading performance need help to dimprove
their performance. Teachers can be involved in this process by
taking the time to explain difficult words and connect them to
simpler concepts that may already be in the student's previous
knowledge store. This involves a change in teaching strategy to

ptace an emphasis on the background knowledge of the student.

88



Teachers need to alter their methods of instruction to cater for
student reading performances. Emphasis needs to be placed on
strategies that help students improve their understanding of and
performance 1in cognitive areas. Students tend to work in small
groups in a classroom. This situation should be encouraged since
students have been found to help each other understand textual
material. The teacher's task is to ensure that all students are

contributing to the sharing of knowledge.

The fifth implication concerns research in education. This
study involved wusing the classroom teacher as the sole
researcher. This has Tlimitations, which have been discussed
previously, as well as advantages. The teacher is in a good
position to collect qualitative data on the students. However, it
may be necessary to use a second observer in the classroom to
validate the data collected., The use of qualitative data iin
educational research is very important for analyzing the learning
process. It 1is vital to know how students work and why they
choose one strategy 1in preference to another. This enables
teachers to focus on the problems in understanding that occur and
remedy these problems. In this area qualitative as well as

quantitative data are required.

RECOMMENDATIONS FOR FUTURE RESEARCH

Like many research studies, this investigation raised several
questions in addition to those it set out to answer. Future

research could extend the results of this study or could
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investigate other issues which were raised. The purpose of this

section

is to generate recommendations for research in areas

related to this study.

(1)

(i1)

(i)

(iv)

Future research may replicate this study using a
larger sample for both quantitative and qualitative

data analysis.

This study sought to reduce the reading difficulty
levels of some activity cards and the topic test. The
language difficulty Tlevels of these materials were
modified; however, future research may wish to modify
language difficulty Jlevels of materials using a

different linguistic focus.

This study used modified materials over a relatively
short timespan. It would be worthwhile to conduct a
study using modified materials over a longer time. The
long term effects associated with low performance

readers using modified materials should be examined.

Very Tittle research has been conducted on modifying
the language difficulty levels of whole tests. It s
hard to get an analysis of the reading difficulty of
a test dtem since it usually contains less than 30
words. Readability formulae have not been designed for
short written passages and so future research may be

conducted in this area. Alternatively, a different test
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format could be considered to minimise the problems of

meaning construction.

(v) This study sought to modify the language difficulty
level of reading materials and future research could be
directed towards the construction of meaning by the

reader.

(vi) Finally, the results of this study apply to science
education. Future research could be conducted 1in other
subject areas such as mathematics and social studies,
where large pieces of textual material are required to

be read and understood,

CONCLUSIONS

Reading performance and student achievement on science topic
tests are related. A significant correlation was found between
both of these variables. Students with high reading ages tended
to score higher results on science achievement measures than

students with low reading ages.

Written materials can be modified in order to alter their
language difficulty levels. In this study the language difficulty
levels of activity cards and tests were reduced by modifying the
written material. A set of guidelines were used to achieve the
modifications. These modifications alter the language difficulty

level without changing the science concepts, processes, skills,
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or the scientific terminology used.

Students with a low reading performance found it easier to
comprehend materials modified to reduce the Tanguage difficulty
level. After observing students who were low performance readers
and conducting interviews with them it was noticed that these
students comprehended the modified activity cards. The students
participated 1in activity work and written work to a greater
extent than they did in earlier science topics, and they spent

less time asking for teacher assistance.

A1l students demonstrated a  higher Tlevel of science
achievement when tests were modified to reduce the language
difficulty Tevel. It appeared that when tests were modified to
reduce their language difficulty level the questions became
easier to wunderstand for all students. Thus, the science

achievement results were better for all students.

Finally, the results and conclusions drawn from this study
indicate a need for further research in this area. Detailed
classroom observations, together with more appropriate teacher
intervention techniques, may be useful to further the results of

this research.
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ANSWER SHEET 1.
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PLANTS and ANIMALS _: ANSWER SHEET 2 -
NAME :

PARTS OF FLOWERING PLANTS

Clearly label the main structures of the plant below.

Under each label, list the functions of each structure.

a flowering plant
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ANSWER SHEET 3
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PLANTS and ANIMALS : CARD 14

WHAT DO WORMS DO TO THE SOIL?

Moisten all soil to be used in this
activity.

Using a spoon, put a layer of dark
garden soil about 4% cm deep in the
bottom of the jar. Next add a very
thin layer of 1light sand (or
powdered chalk), then another 4 cm

layer of dark soil.

Repeat these alternating layers
to within 5 cm of the top of the
jar.

3. Press each layer down and make it
level before adding the next
layer.

4. Prepare a second jar repeating
steps 2 and 3.

5. Add six large earthworms to one
jar only.

6. Cover the sides of the jars com-
pletely with brown paper (or foil)
and hold it in place with an
elastic band or string.

7. Label the jars.

B. At the end of one week, remove the ;
covers from the sides of the jars
J CONTROL

and answer the following
questions:

Q.(a)
Q. (b)
Q. (c)

Q.(d)
Q. (e)

Q.(f)
Q.(g)

Can you see any burrows at the side of the jar?

If so, what shape are the burrows?

Have the burrows gone through the layers of different
coloured soils?

Have the different layers of soil heen mixed?

What conclusions can you come to about the effect of
the burrowings of earthworms?

How do you think the mixing of layers has occurred?

Do more worms appear to live at the bottom of the jar
than the top?

Give reasons for your answer.
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3. On the diagram below label the following:

i1} coiled shell,
v) feeling tentacles,

BE CAREFUL!

Here is a list of vertebrates.

Write the name of each one in the
chart below, under the heading of
the class to which it belongs.

The underlined

animals are tricky.

ii) head,

iii) muscular foot,

vi) breathing pore.

iv)

129

eye tentacles,

(3 marks)

VERTEERATES
cat, shark, frog, snake, hummingbird,

toad, millet, crocodile, kookaburra,
camel, elephant, goanna, tuna, wagtail,
wallaby, wren, whale, turtle, bat, em.

FISH

AMPHIBIAN

REPTILE

BIRD

(5 marks)
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MODIFIED TEXTUAL MATERIALS
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ANSWER SHEET 1.

PLANTS AND ANIMALS
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FLANTS AND ANIMALS : ANSWER SHEET 2

Label the main parts of the plant below. Under each label
write down what that part is used for.

a flowering plant
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FLANTS AND ANIMALS : CARD 14

WHAT DO WORMS DO TQ THE SOIL?

THINGS TO DO

A. Make sure all scil is damp for
this experiment.

B. Use a spoon to put 4 cm of dark
soil in the bottom of a jar.
Press it down level., Then put
a thin layer of light soil.

C. Keep putting layers of soil in
the jar until you are 5 cm from
the top.

D. Fill another jar the same way.

E. In jar 1 put six big earthworms
on the top layer. In jar 2 put
nothing on the top soil.

F. Cover both jars with alfoil.
G. Label the jars and leave them

at the side of the room for
one week.

After one week, uncover the jars and answer the gunestions below.

Q.1 Are there burrows on the side of the jars?
Q.2 What shape are the burrows?

Q.3 Do the burrows go through the soil layers?
Q.4 Are the soil layers mixed?

Q.5 What have the earthworms done?

Q.6 Are the worms at the top or bottom of the jar? Why do you
think they are there?
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(.12 Name the S classes of vertebrates and write down what their
body is covered with.

2.13 Animals are sorted into groups by looking at their level
of .
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A COMPARISON OF STUDENTS' CLASS,
CHRONOLOGICAL AGES, SCIENCE ACHIEVE:
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