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The framework used to examine the aspects of the Scientific Literacy
presents science as (a) a body ot knowledge, (b) a way of investigating, (c) a way of
thinking, and (d) an interaction with technology and society (STS). The readability of
the science textbooks was determined by using two instruments namely the Flesch-
Kincaid Grade Level Readability Formula and the Fry Graph. The actual reading
ability of the involved student was determined by the Cloze Test.

The tindings showed that while high percentages ot content coverage were
based on a theme of science as a body of knowledge across all grades, there was a
tendency of less representation of this theme as we move up the grades (from grade 6
to grade 9). However, the overall results suggested that the representation of the
themes were not really balanced. Science as a way of knowing, as investigative
activities, and as interaction with science, technology was all neglected in these
textbooks. Findings related to the readability analyses suggested that there was a
mismatch between textbooks intended reading levels and the student actual reading
levels, indicating that all the textbooks are somewhat complex and far above the
reading ability levels of the intended readers. Grades 6, 7, and 8 textbooks showed
the highest mismatch as high as two grades level above the actual intended reading
level. The tindings also indicated that Grade 9 textbook was slightly diftficult for the
students by one age level higher.

These findings were discussed in the context ot science education research
with particular emphasis on how science teachers may use textbooks to lessen their
impact in regard to views about Scientitic Literacy and readability characteristics.

Specific recommendations were that authors and teachers had the

responsibility to balance the content in terms of the themes describing the Scientific
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Literacy and improve the level of readability ot science textbooks. Furthermore,
schitiee teachers can play a major role in improving students' reading abilities by
using difterent teaching strategies.

Based on the tindings that emerged tfrom the present study, specitic
«uggestions for future research were presented. Studies related to how science
teachers conceptualize Scientitic Literacy might produce findings that may encounter
the imbalance representation ot Scientitic Literacy themes in these textbooks.
wtudies on how teachers can explicitly highlight the nexus among science,
technology and society would lead to, a realization that science is more than simply
the scientific knowledge. Furthermore, investigate the influence of textual ditficulty
in science textbooks on the students of different levels of reading achievement.
Examine the differences ot reading ability with regard to students' gender across the

.ame topics of the science textbooks.

Keywords: Scientific Literacy, Readability, Student reading level, Readability

assessment, UAE Science textbooks, Cycle 2.
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Glossary

Scientific Literacy: is the capacity to use scientific knowledge to identity questions
and to draw evidence-based conclusions in order to understand and help make

decisions about the natural world and the changes made to it through human activity.

Also, Scientific Literacy is the knowledge and understanding of scientitic concepts
and processes required for personal decision making, participating in civil and

cultural affairs and economic productivity.

The essence of Scientific Literacy is the ability to use scientific knowledge to make

informed personal and societal decisions.

Science as a Way of Thinking: This theme describes how a scientist experiments,
shows the historical development of an idea (how science proceeds by inductive and
deductive reasoning) gives cause and ettect relationship, and brings out how science

1s a discipline disposed to self-examination.

Science as a Way of Investigating: This theme reflects the active aspect of inquiry
and learming which involve the students in the methods and processes of science. It

stimulates thinking and doing by asking the students to find out.
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Science as a Body of Knowledge: This theme present: and discusses facta,
concepts, principles and laws. It presents hypotheses, theories and models and

requires the recall of knowledge or information.

science and Its Interaction with Technology and Society: This theme illustrates
the impact of science on society. This aspect ot Scientitic Literacy pertains to the
application of science and how technology help# or hinders humankind. It involves

vocial 1ssues and careers.

Readability: Readability is defined as the relative ease or difticulty of printed
material or the quality of reading material that makes it understandable for those for
whom it was written. In current study it means that how a student from grade 6 to 9

is capable of reading as well as understanding a context in a scientitic textbook.

Student reading level: Student reading level is defined as a measurement of a
student’s ability to read and comprehend the English language. [t is generally stated
in terms of grade-level, which is determined from the student’s score on the reading
section. In this study, it is detined as the analysis of the reading levels of students
compared with the level to the reading levels of science textbook using cloze test

results.

Cloze Readability Test: Cloze Test a measure of reading levels of students. [t is
constructed by deleting every fifth word from a passage, the deleted words are
replaced by underlined blank spaces of a uniform length, and the tests are

mimeographed.
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Fryv Readability Graph: The 1971 Fry Readability Graph 1s a graph used to
estimate readability levels by plotting sentences per-100 words and syllables per -100
words on a graph. The sentence and syllable counts are based on an average from
three 100 word passages randomly selected from the user's material. The Four books

used in this study ranged from sisth grade to ninth grade.

Cycle 2: A new grade level system used to deicribe the preparatory stage level of

education syatem that includes grades 6 — 9 ot 12- 14-year old students.



Chapter 1: Introduction

1.1 Background

Textbooks are one of the resources that help learners acquire knowledge.
Usually, students and teachers acknowledge science textbooks as one ot the main
sources of scientitic knowledge during the course of learning. The ability to read them is
also one of the skills by which educational curricula achieved the goals for which they
are stated (Al-Jawarnah, 200¥). Research from numerous countries suggests that science
instruction in schools are generally heavily based on science textbooks (Fang, 2006;
Ginsguger-Vogel & Astolti, 1987; Groves, 1995; Otero & Campanario, 1990; Stern &
Roseman, 2004)

Science textbooks continue to be a major component of science instruction
throughout the nation. These teaching aids are used widely and frequently in science
classrooms (Exline, 1984; Harms & Yager, 1981). In many classrooms, they provide the
majority of the instructional support beyond the teacher. Science textbooks contain
much of the scientific information students receive (Mayer, 1983), which influences how
students perceive the scientitic enterprise. Reading science texts seems to be a
particularly painstaking endeavor for students whether these texts are written in their
native tongue or in a foreign language (Fang, 2006).

Science texts in general constitute a distinctive genre characterized by a
complicated, rigid organization, a large number of technical and non-technical words,
long nominal phrases, sentences dense with information, and complicated syntactic
structures (Fang, 2006; Halliday, 1993; Gee, 2001; Groves, 1995; Sutton, 1998; &

Parkinson, 2000). Textbooks are the most frequently used learmning support matenal and,
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the availability of high qualitw textbooks 1% #ine of the critical tactors in the succes=ful
implementation of educational tefprm (Asmal, 1999; 1 ocking, Meutre & Brown, 2000;

& Department «+f Education of ®outh Africa, 2009).

I'he process af reading with understanding of textbooku ix closely associated
with the appropriateness's t+f the content of textbooks:; to the level of student cognitive,
mental and paychological readiness (AL-3%widi & Al-Khalili, 1997). This means that the
dhiudesit W ability to comprehend scientific content, ¥ocabulary and terminologies i
closely related to their ability to read the textbook®. For many years, researchers haye
found that teachers rely heavily on the use of textbooks. It follows that we can state that
it represents the main source that teachers and students rely on when leaming science.
More recently, a number of studies have reported on the values that students and
teachers can draw from textbooks and how they can serve the learmers (Tairab, 2006).
For example, textbooks serve both learmers and teachers in many ways - Leamers use
them as tools for learning and teachers use them as tools 1iir guiding their teaching.
Textbooks greatly influence how content is delivered and, indeed, how it 1% intermalized
by the learners. Schmidt, McKnight, & Raizen (1997) identified textbooks as playing an
important role in making the leap from curricular intentions and plans; to classroom
activities and learning by making content available, organized, and set out learning tasks
in a form designed to be appealing to students. Earlier in the 1980s, a study reported that
over 90% of all science teachers use a textbook 95% ot the time; hence the textbook
becomes the course outline, the framework, and the parameter for students' experience,

testing. and a worldview of science (Yager, 1983).



Textbossks can directly relate to students™ leaming (*hirses, 2001). as they largely
determine what topigs and 1deas are taught in classrooms and how these topics are taught
(Stern & Hesweman, 2004). It is therefore important that they should be designed, written,
and chosen as a means ot learning in ways that match and align with the student learning
goals that the educators and the curriculum develupers have identified as an integral to
the understanding ¢t the subject matter.

1.1.1 scientific Literacy and Science Texthooks

Scientific Literacy (5L) in one of the main educational goals worldwide, and the
er1dence to support this 1 found in a number of areas, which include curricula
prescriptions, and professional and political discourse (McEneaney, 2003; & Roberta
193). “cientific Literacy is a broad term and there is no consensus among science
edugators on ity definition. Hinwever, Scientific Literacy involves individuals developing
sound understanding of scientific facts, the kcientific inquiry process, and an awareness
of the relationships among science, technology, and society (Bauer, 1992; & %RC,
1996). Because of the importance placed on the acquisition of Scientific Literacy,

cience education must meet the challenges of improving cientitic Literacy among

tudents (Maarschalk, 1988; & Roberts, 1983).

Beyond science education reforms, science teaching materials, including
textbooks should promote the development of Scientific Literacy by providing a
balanced representation of the many aspects ot Scientific Literacy. For example,
Chiappetta, Fillman, & Sethna (1991) suggested that in order to effectively achieve
=cientific Literacy among students, science curriculum materials should emphasize the

following themes: Basic knowledge of science; intestigative nature of science; science



as a way of knowing; and interaction of science, technology and sogiety. In addition,
they synthesized these four themes of Scientific Literacy from various research itudies
(f ollette & ¢ hiappetta, 19%6; Harms & Yager, 19A1; & Giarcia, 19%5), and thw *sational
wcience Teachers' Assadiation’s (WSTA) 1952 position on 5L. These four themes of
<cientific Literacy have become the main elements in contemporary science education
reform documents (AAAS, 1993), national science education standards iR, 1996),

national education policies, and school &cience curricula worldwide.

=everal science textbooks have been analyzed to establish the representation of
the four themes of Scientific Literacy mentioned above (Baarah, 1991; BouJaoude,
2002; ' hiappetta et al., 1991a; L hiappetta et al., 1993; Fillman, 1989; Garcia, 19%5;
Laugksch, 2000; Lumpe & Beck, 1996: Mumba, Chabalengula & Hunter, 2006; &
Wilkinson, 1999). In general, these studies report that in the basic knowledge of icience,
the aspect of “Scientitic Literacy™ i+ the most emphasized theme followed by *“*science as
away of investigating™ theme, less on “*science as a way of knowing”, and even less on
the “'interaction of science, technology, and society™ theme. However, none of these
studies has provided an explanation for the unequal representation of the four themes of

Scientific Literacy in science textbooks.

Recent science education reforms in the United Arab Emirates have clearly
emphasized the role of scientific and technological literacy in shaping the tuture
development of the country. Most of these studies have proposed promising goals for the
future and direction of education. Among the goals frequently appearing in most of the
recent curriculum documents developed by the Ministry of Education (MOE), including

vision 2020, 1s to help students acquire the scientific and technological literacy so that



they can “have better tuture choices, lifelong leammg skills, and consequently better
living standards™ (MLIE, 1999). Moreover, in order to achieve the stated goals. the MOE
hax called for basic rufarmi to be included in the teaching leaming processes through
diverattication and differentiation of instruction that take into account the student diverse
backgrounds and capabilities. £ onsequently, diversitication and differentiation
necessitate that learming resources, including textbooks should be appropriate for the
learners %o that intended outcomes can successfully be achieved.

With the mcreased realization of the importance of thess reforms, new
generations of textbooks and learning materials have recently been introduced to the
field of education in the United /xrab Emirates. The selection of these textbooks to be
used as resources for learning was governed by the relevance of the content and the
degree of correspondence with the stated learning outcomes. While the selection of
textbooks can be regarded as expert-based, there 14 very little or no apparent research
based evidence to support and walidate the usetulness of theie textbooks. Educators,
theretore, need to determine the extent to which these newly developed textbooks tocus
on covering and developing Scientific Literacy among the learmers and assess how well
these textbooks ettectively support the attainment of those specitied leamming goals. The
only way to gain this information is through careful and systematic evaluation of
textbooks. Hence the need for this current research arises.

1.1.2 Readability of Science Textbooks

In order to meet the purpose for which textbooks are designed, researchers have
wggented that textbooks should be appropriate for leamers to use so that they can
benetit from them. A« such, readability of textbooks becomes an important avenue for

researchers to pursue. It also promotes conducting research studies to establish



readability swdices for textbooks. Readability 1* the prerduct of interaction nit the reader
with materials preseniled in the textbook. After the completion of the proceis of reading
through the s cwsive stages of difterentiation, it Shows that there is compatibility

betw een them. Readability is what makes some textbooks easier to read than others. It is
aften confused with legibility, which is concerned with the typetace and layout of the
istbook. Klare (1963) defines readability as “the ease ot understanding or
comprehensien due to the style of writing”. This definition focuses on the writing style
as separate from imsues such as content, coherence, and organization. In a similar
manner, Hargis and her colleagues (1998) stated that readability 1s the ease of reading
words and sentences, and as such is an attribute of clarity. Dale & Chall (1949) provided

a more comprehensive definition as:

The sum total (including all the interaction#) of all those elements within
a given piece of printed material that affect the success a group of readers
have with it. The success is the extent to which they understand 1t, read 1t

at an optimal speed, and find 1t interesting. (p23)

Despite the various definitions of the readability suggested by the researchers,
they generally agree on the notion that it means the ability to read appropriately with
understanding and comprehend the content presented in the textbook. As such textbook
readability can be related to the extent to which the textbooks are appropriate for the age
lewel of the reader.

Given the importance of reading science textbooks, researchers have conducted
many studies to determine the read ability level of science textbooks (Wait, 1987). Lin,

(1990) analyzed the books of Earth Sciences (Geology) used in school« in Taiwan and



taund significant problems with the way they present information to students. For
example, Lin discovered that the textbooks offer students with the problem, the
peowscidies and the results before the experiment, and that the questions minimally
measure the students' mental capacity, focusing only @n memorization of information.
Johnson (2001) reported in his study that the readability of the reviewed textbooks did
not rise to the required level of education. Johnson (2001 ) focused on comparing the
readability ot textbooks of physics at ditterent level. The study showed that the level of
readability of physics textbooks was low and did not reach the limit accepted for these
books, and readability of these textbook# were higher than the level age of the students.
It 1s therefore, imperative that textbooks must provide the right content and instructional
wiipgsart in levels of readability that 1s appropriate for all students.

Textbooks n the United Arab Emirates constitute important learning resources
for many students and teachers, as suggested by Bano, (2005) Textbooks are considered
ar the sole and legitimate source of knowledge for both students and teachers. Much has
been achieved since the early 1970s but efforts are now being made to improve the
educational environment for all pupils, in line with a re-evaluation ot the government. In
particular, Abu Dhabi Education Council (ADEL") is spearheading privatization of the
education sector in Abu Dhabi. More recently, retorms have been influenced by English
Language Education systems. The upgrading of English Language skills and use of
computer technologies are government priorities, as the traditional achool education in
the UAE had been based on Arabic and Islamic culture and teacher-centered learning
methods. In Abu Dhabi, curriculum formulation for school level is the prime
responsibility of the Abu Dhabi Education Council (ADEC) and Ministry of Education.

“bu Dhabi Education Council (ADEC) develops and regulates curricula for all school



subjects from pre-primary (Early {"hildhood Educatitn) tis secondary by involving
wubject and pedagogical experts from local and foreign institutions. All textbasiks that
are recommended for use in &bu Dhabi schools were approved after careful evaluation
by &DE#.. However, with all the measures put in place by ADE1", it is generally
recogmzed that there are deficigncies in the way in which textbooks are used by students
and teachers.

1.2 Statement of the Problem

Much has been said about the mismatch between the content presented in science
textbooks, their reading level and the cognitive readiness of the learners in UAE. The
present study focuses on Scientific Literacy and readability analyses of science
textbooks used in grades (6 - 9). The lack of systematic research findings concerming the
suitability of textbooks at these educational levels, has given rise to conceptualizing the

problem of this research.

The purposes of this study, therefore, were to examine the nature and extent of
Scientific Literacy themes coverage in the science textbooks of the Cycle 2 schools, and
their readability levels in relation to the cognitive readiness of students at Cycle 2. In
particular, the study was interested in establishing the nature and extent ot the Scientific
Literacy themes representation across and within the science textbooks at the Cycle 2
education level in the UAE, and to examine the readability of these textbooks and tind
out to what extents these textbooks are suitable for achieving the purpose for which they

were developed.



1.1 Purpose of the Research

Readability 1= an important construct for bssth educators and textbook authors.
Finding the right fit between students’ reading ability and text difficulty is an important

and challenging task for teachers (Fry, 1977). This study is therefore specifically set to:

| ldentify the aspects of %cientitfic Literacy (themex) that are emphasized by the
cience tentbooks used in Grades 6 - 9 of Abu Dhabi Education Council schools
(ADEL).
2. Ass== the readability level of science textbooks used in Grades 6 - 9 of Abu
Dhabi Education Council schools (ADEC).
3. L ompare progression of readability indices of Grade 6 - 9 of Abu Dhabi
Education/{ ouncil schools (AW DEL).

1.4 Research Questions

=ince the quality of science textbooks has a significant impact on teaching and
learning of science students, this study 1 designed to find answers to the following

questions:

I. How doex icience textbooks used in grades 6 - 9 ot Abu Dhabi Education

Council schools (ADEC) represent the themes of &cientitic Literacy?

(29

What are the readability indices of science textbooks used in grades 6 - 9 of Abu
Dhabi Education Council schools (ADEC)?
3. How are the readability indices of these textbooks progress through the grade

levels of Abu Dhabi Education Council schools (ADEC)?
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Previous research studies have mainly focused on defining levels of Scientific
Literacy and the superficial alignment by topic heading te state learming outcomes. It is
intended in this research to examine science textboitk® in relation to their abilities to
develop aspects of the Scientific Literacy among students, using criteria drawn trom the

best available research about fiyrw students learn.
1.5 Significance of the Study

The challenge in assessing readability it not only to determine how ditticult a
tex tbousk 1% to read. but to match the learner’s reading ability with the textbook reading
difficulty. According to Freeman & Person (1998), “textbooks have simultaneously been
criticized for being both too easy and too ditticult”. Accordingly, the importance ot this
study 1« to provide evidence-based data in relation to the reading level ot these textbooks
and, help curriculum planner to identify future science textbooks. Moreover, they need

to provide recommendations based on evidence.

I. =tudents: Itis a wital skill for students to kmixw how to read properly in order for
them to gain accurate vocabulary and knowledge, which can assi«t them in
getting wide knowledge from any scientific textbook. Thus a vocabulary

introduction to each section being taught should be introduced.

)

Teachers: Students who are not good enough in reading will make the teacher’s
job more difficult than needs be, which will also aftect other student’s
performances negatively. Furthermore, it will be a waste of time to re-explain
and trans+late a certain lesson in a scientific textbook rather than beginning a new

one.
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3. v urmculum developers: there are two things. which shguld be under
constderatin. £in one mide, developers should not make scientific textbooks too
complex, because bath teachers and students will not use it efticiently. On the
other mide, scientific textbooks should be easier and more exciting in order to
catch the student's attention and to achie¥e the curriculum developers' goals in

spreading knowledge, but with more benefits.

It is important therefore in contexts such as UAE where students rely heavily on
textbooks that these textbooks must be assessed ftor content representation of valuable
«<nentific knowledge and readability level. This 1# because reading with understanding of
textbonks 1s closely associated with the appropriateness of textbooks to the level of
student cognitive, mental and psychological readiness and thus, attainment of learning
outcomes is wery much becoming a function of both appropriateness of the coverage of

content and the reading level of that content.
1.6 Limitations

Despite the importance of content analysis of science textbooks in terms of
representation of %cientific Literacy themes and readability levels, there is an
opportunity here for the students to make eftective use ot these textbooks. There are
some limitations and constraints that work against the exploration of this opportunity as
brought forward above. The limitations of this study therefore can be summarized in two main

points:



I. This study 1s limited to analyzing one chapter from each science textbook from
the materials presented in these textbooks. Thus, in so0 doing this may limit the
generalization of this study.

2. The study 1= a si=all-scale investigation ##ith only students selected from two
schools participating as a sample for thix study. Therefore, findings may be

meetpreeod with caution.
1.7 Definition of Terms

The following terms are defined to communicate more precise meanings peculiar

to this study.

“cientific Literacy: is the capacity to use #cientific knowledge to identify questions and
to draw evidence-based conclusions in order to understand and help make decision

about the natural world and the changes made to it through human activity (OECD,
2003).

\1s0, Scientific Literacy i» the knowledge and understanding of scientific concepts and
proce==ex required for personal decision making, participating in civil and cultural

affairs and economic productivity (Mational =cience Education Standards, 1996). The
essence of Scientific Literacy is the ability to use scientific knowledge to make informed
personal and societal decisions (Lederman & Lederman, 2005). The present study adapts
these two perspectives offered by OECD (2003) & Ledermian and Lederman (2005).
Taking into consideration these perspectives, the following terms were also detined

using the following definitions:
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Science as a Way of Thinking: This theme excribes how a scientist experiments,
shows the historical development of an idea (how science proceeds by inductive and
deductive reasoning) gives cause and eftect relationship, and brings out how icience is a
discipline dispored to self-examination (Udeani, 2013).

Science as a Way of Investigating: This theme reflects the active aspect ot inquiry and
learming which involve the students in the methods and procesies of science. It
stimulates thinking and doing by asking the students to find out (Udeani, 2013).

Science an a Body of Knowledge: This theme presents and discusscs facts, concepts,
principles and laws. It presents hypotheses, theories and models and requires the recall
ot knowledge or information (Udeani, 2013).

=cience and Its Interaction with Technology and Jociety: This theme illustrates the
impact of science on siciety. This aspect of Scientific Literacy pertains to the
application of science and how technology helps or hinders humankind. It involve

yocial 1ssues and careers (Udeam, 2013).

Readability: Readability ix defined as the relative ease or ditficulty of printed material
or the quality of reading material that makes it understandable for those for whom 1t was
written (Pride, 1987). In the present study, readability is intended to retlect the lexel with

which students can read these textbooks with understanding.

Student reading level: Student reading level is defined as a measurement of a student’s

ability to read and comprehend the English language (Pride, 1987). It is generally stated
in terims of grade-level, which i1s determined tfrom the student’s score on the reading
ection. In this study, it 1s defined as the analysis of the reading levels of students

compared with the level of the reading levels of science textbooks using Cloze Test.



i’ loze Readability Test: {'loze Testix a measurement of reading levels of student
(Taylor & Wilson, 1953). It s constructed by deleting every tifth word from a passage:

the deleted words are replaced by underlined blank =paces of a umiform length.

Fry Readability Graph: The 1971 kry Readability Graph 1 a graph used to estimate
readability lewels by plotting sentences per-100 words and syllables per -100 words on a
graph. The sentence and syllable counts are based on an average from three 100-word
passages randomly selected from the user's material. Four books used in thiy study

ranged from sixth grade to ninth grade (Filming, 1977).

Cycle 2: The Ministry of Education has adopted an educational development strategy
called *Education 2020°, based on successive 5-year plans. A new grade levels system
was introduced into government schools, as such (L ycle 2) the preparatory stage cater

for children aged between 12 to 14 years. That exactly mean in the current study.

1.8 Organization of the study

The study 1s organized in five chapters. Chapter | has introduced the research
problem, highlighted the purpose, the research questions, the signiticance of the current
study, as well as defining the key terms and identifying the limitations of the study.

Chapter 2 has provided further understanding of how previous research studie
investigated the scope and depth of how Scientific Literacy is represented in science
textbooks, and how authors conducted the readability analysis studies. The review of
literature has provided a framework through which the importance of the focus on

analysis of the representation of Scientitic Literacy and readability levels in science



textbooks wif £.ycle2 schouls 14 revealed in order to accertan what we grasp about thi
research problem.

hapter 3 on the other hand has focused on the methodologies used to find
answer to the research questions asked in chapter | including the procedures followed
ind to collect data and analyze these data. The results of data analyses and finding
emerged tfrom the study were presented in chapter 4.

Finally, chapter 5 presented a summary of the study and the major findinga,
conclugions drawn from the findings, a discustion, implications, and recommendations

for tuture studien.
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{ hapter 2: Literature Review

2.1 Introduction

This chapter presents and reviews essential findings of related previoug studieg in
the area of science textbooks analyses, Scientific Literacy and readability. Particularly
the chapter tocuses on findings that showed the analysis of Scientitic Literacy and
readability of science textbooks that were related to the level of student readability. Thi
literature review, illustrates different areas of investigation, the science textbooks quality
including science textbooks functions and characteristics. It also investigates learning
and teaching from them. On the other hand, it examines the major defining readability
and researcher's opinion as well as the factors aftecting the readability of science

textbooks, and the tools used for analyzing the readability of science textbooks.

2.1.1 Studies Related to Textbooks in General

“.cience textbooks must represent Science in a way that supports learers in
mastering the discipline. They also serve both leamers and teachers in many ways;
Leamers use them as tools and tutors whereas, teachers use textbooks a« a guide to their
teaching. Moreover, textbooks greatly influence how the content is dehvered, and
indeed, how the learners internalize it. Learning trom textbooks adds another dimension
to the complexity of the leaming process particularly the dimension of texts and
information processing. Schmidt, Mcknight, & Raizen (1997) identified textbooks as
playing an important role in making the leap from intentions and plans to classroom

activities and learming by making content available, organizing it, and setting out



learning task® m a form designed to be appealing to students. Earlier in the 19%0's. a
tudy reported that over 90% of all science teachers use a textbook 95° of time: hence
the textbook becomes the course outline, the framework, the parameters for students’
experience, and for testing, a worldview of science (Yager, 1983) Textbooks can directly
relate to students’ learning (%innes, 2001), as they largely determine what topics and
ideas are taught in classriioms and how these topics are taught (Stern & Roseman, 2004).
~ubsequently. it 1+ important that they should be designed, written, and chosen as means
of learning in a way that matches and aligns mith the student leaming goals that the
educators and the curriculum developers have identified as integral to the understanding
of the subject matter.
“icience education research has extensively discussed the use of textbooks and
the ways of conceptualizing and writing them especially for students (Klassen, 2006).
Teachers have to face many challenges in their work (Anderson & Helms, 2001) in order
to select and choose the appropriate textbooks. For example, Fang (2006) encourages
teachers to use paraphrasing exercises as they could serve as a way to transform the
scientific language into everyday language. Henson (2004) summarizes three ways for
teachers to use textbooks: Some try to avoid using them at all; the second group center
their teaching on the textbook and supports it with other books, journals and newspapers
and the third group of teachers design their own curriculum and just use the textbook
along with other media as supplementary material.
Learners can only leamn from textbooks that they can read and understand

though textbooks are often difticult to understand (Hsu & Yang, 2007). Consequently,
the comprehension of texts deserves further discussion. Research from numerou

countries suggests that science nstruction in schools is generally heavily based on
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science textbooks (Fang, 2006; Groves, 1995: Ginsguger-Vngel & Astolfi, 1987; Otero
& tampanarii, 1990; Stern & Roseman, 2004).

{ine if the major problems contronted by English as a second language learner in
learning acience 14 the lack of language proficiency. Yong (2010) affirms that if the
understanding of textbooks language is difticult for Englizh speakers, it ix likely to be
even more difficult for students who learn kcience in a second language. Ax reported by
Iluran, Dugan & Wefter (199¥) language minority students in school. did not have the
necessary linguistic tools to construct advanced science concepts. As a consequence they
have weak scientific knowledge because of their inability to construct scientific concepts
and meanings eftectively due to their low-level English skills. Furthermore, it has long
been recognized that students encounter enormous problems leaming science in a second
language (Mohiddin, 2007; Romaizah, 2009; & Yong, 2003).

It has been approved that in science education, language is no longer an
incidental medium through which students express their thoughts and reach better
understanding. It is rather vocabulary and grammar to master before entering science
classes. Hence, language can become an impediment to learming in the way it leads to
many misconceptions (Boujaoude & *ayah, 2000). It is obvious that without a
foundation 1n scientific glossary, and lack of the developed skill in leaming, students
have low achievement in science.

Textbooks have significant roles as they are considered as “primary vehicles for
delivering content knowledge, determining in large measures what goes on in a clas™
(Lebruny, Lenoir, Latorest ... and Pearson, 2002), and for asses+ing what students do

and do not learn (Oakes & Saunders, 2004). A majority of teachers consider textbooks



as the only teaching resource (Maftia, Dias, Brauna & &' ruz. 2003). Textbooks do not
only influence what and how students learn,_ but also what and how teachers teach.

Johnsen (1993) discuwsed the voneept of “textbook authority” as a comples
concept and can have both positive and negative implications. What authority the
textbook exertk in a classtuspm depends on i the learners and teachers view textbooks
and respond to them (Kesidou & Roseman. 2002). sipple & Christian-Smith (1991)
identitied three ways in which people can possibly respond to texts: Dominated,
negotiated, and opporitional. 50, they can accept the content of a textbook as a face
value, or a reader may dispute a particular claim, but accepts the overall interpretation of
a text, and others reject the dominant tendencies and interpretations in texts.

The quality of a textbook 1s a complex issue and it i not immediately apparent
what a good textbook must look like. A good textbook was defined as one that has the
potential to support the learner and teacher in attaining the desired science learning
goals. Theretore, a good textbook is a textbook that incorporates characteristics that
enable it to support the learmers and teachers (Davis, 2003b). A good textbook hax the
potential to ofter substantial and sigmiticant support to teachers. In the case of under-
quahtied teachers, textbooks and exemplary materials are often the only sources of
guidance and support readily available (McKenney, 2001; *ewton & *ewton, 2006; &
Ogan-Bekiroglu, 2007).

Consequently, the presence of these characteristics in a textbook will indicate its
quality or its potential to support both the learmer and the teacher. The complexity of the
problem ot identifying the characteristics that indicate textbook quality, demands a

ystematic approach to the problem. The overall purpose of supporting the leammer and

the teacher can be broken down to a number of separately i1dentifiable tfunctions that
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contribute to fultilling the overall purpise. The purpose of science education textbooks
1+ tit support teachers and learners through leaming process (Garcia-Barros, Martinez-
Lorada, Wega & Bhmuleln, 2001; & Litz, 2001). Kesidou & Roseman (2002, 523)

awserted that textbooks:

Provide a coherent science program Kir students baked on the best thinking
available mn the field. and material that supports teachers in making more thoughtful and
informed decisims about their own acience student's learning.™

2.1.2 Studiex in scientific Literacy

The theoretical framework of this study 1s presented from the Scientific Literacy
and the readability perspectives. ®cientific Literacy has recently attained the status of a
univerial and a central educational goal (Holbrook & Rannikmae, 2007; & McEneaney,
2003). =ational educational systems around the world assume that the demands of a
modem, increasingly technology-oriented economy require a workforce that has a
universal mimimum level of understanding of science as described by Bybee (2009), he
considered that Ecientific Literacy 1s best described as a continuum of understanding
about the natural and the designed world to retlect the status ot being well-educated and
well-informed in science, as opposed to merely understanding scientific vocabulary. He

uggested a broad framework, which describes certain thresholds that identify degrees of

hcientific Literacy.

Murphy, Beggs, Hickey, O’Meara, & Sweeney (2001) used the term ‘Jcientific
Literacy’ to refer to being informed in science with the mimimal scientific knowledge

and skills required to access whatever scientific inforrmation and knowledge is desired.



The MNational Research & ouncil £1996) defined Scientific Literacy as the know ledge and
understandings ot scientific concepts and proceises required to make personal and
societal decisions. ki went turther to identify categories that characterize Scientific

Literacy.

Scientitic Literacy zan be ypewed as a combination of themes that reflect aspect
advocated in science education. For example ficientific Literacy can be viewed a
kmirwledge, as a procedure (investigative knowledge), as a way of knowing, or as a way
of impacting societies (Boujaouda, 2002; Stern & Roseman, 2004).

&cience textbooks remain fundamental tools in developing Scientific Literacy
(Penney, Morris, Philips, & Clark, 2003) and there by provide an avenue for litfe-long
learning in science as they are the ultimate source ot science knowledge in many science
classrooms (Tairab, 2006). Recent studies indicated that many science teachers rely on
textbooks to provide them with some of or all the content or the pedagogical content
knowledge (Stern & Roseman, 2004) to the extent that, in many ways, they become the
embodiment of science for students (Musheno & Lawson, 1999). As such, science
textbooks are clearly positioned to aftect profoundly the learning experiences of
«tudents. Hence, poorly developed textbooks can deprive both students and teachers of
ways that allow them to understand and implement eftective teaching practices.

Chiappetta, Fillman, & Sethna (1991) developed a framework to capture
Lcientific Literacy in terms of four themes: (a) the knowledge of science, (b) the
investigative nature of science, (c) science as a way of thinking and (d) the interaction of

cience, technology, and society. The theme of “Knowledge of Science ™ 1% used to imply

that the content of the scientific materials is meant to present, explain, or ask the student
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to recall information, facts, concepts, principles, laws, theories, hypotheses. and models
etc. - meaning that the focus 1s on science as a body of knowledge and the transmussion
of scientific knowledge.

The theme of “The Investigative %ature of Science’ 1% used to denote that the
content of the scientific materiala is meant to engage the learner and stimulate thinking
by challenging students to use and apply inquiry behaviors. Thus, the theme retlects the
active nature of scientific inquiry and application ot processek of science, such a
observing, measuring, classifying, inferring, recording data, making calculations,
experimenting, etc.

On the other hand, the theme of ““Science us a Way of Thinking” implies that the
content of the scientific materials is used to illustrate and describe how scientific
information i= discovered and how scientists went about establishing scientitic evidence.
In addition to reasoning and thinking, retlective behaviors of scientists are also
emphasized i this theme. It is expected that the content of the scientific materials in thi
theme will not only describe how scientists experiment but also «how the historical
development of an idea; and emphasize the empirical nature and objectivity of science.

Finally, the theme of “/nteraction of Science, Technology, and Society (STS) " 1
used to denote that he content of the scientific materials is meant to discuss and explain
the impacts of science on society. Thus, it is expected that scientific materials in this
theme will tend to describe the influences of science and technology on society and
recognize the negative eftects of science and technology on the society, and further

discuss social 1ssues related to science or technology (Chiappetta, Fillman, & Sethna,

1991).



Ulning these themes, a number vt studies were carried out to astess high school

chanetry textbooks (1 happetta, Fillman & Sethna, 1991), biology textbooks
(Boujouade, 2002; Lorsbach, & Muore. 2008; Lumpeand Beck, 1996; & Udeani, 2013)
and phymes textbooks (Mumba, 1 habalengula, & Hunter, 2006; & Wilkinson, 1999) and
general science (L akici, 2012; & Tairab, 2006). Other areas of knowledge were alio
investigated such as, mathematics and science textbooks (Valverde, 2002).The tindings
of these «tudies generally refletted that most science textbooks lack a balanced
representation of the themes, with the “Kmurwledge of Science’ theme receiving the most
coverage and more focus across all these studies. Very little coverage was devoted to the
“the Investigative Nature of Science ™ and ‘science as a way of thinking’ themes.
However, there was evidence that newer textbooks tended to represent Scientific

Literacy in term# of interaction of science, technology and society.

Moreover. the study of Erdogan & Koseoglu (2012) examined 9" grade physics,
_hemistry and biology curricular that were implemented by the Ministry ot Education in
Turkey since the academic year 2008-2009. Their findings also showed an unbalanced

representation in terms of scientific literacy themes.

Taking into consideration the findings of previous studies, it is therefore,
imperative that textbooks must provide the right content and instructional support.
Science textbooks must cover the key ideas that students need for literacy. They must
also provide research-based instructional strategies that teachers can use to help students
leam scientific ideas. In 1998, after developing and field testing a rigorous procedure tor
analyzing curriculum materials, Project 2061 of the American Association for the

Advancement ot Science applied the procedure to middle- and high-school textbooks to



seec how well they align ith standards and hisw well they help students achieve them

(A AAS,2001). This study probed beyond a superficial analysis of alignment by topic
heading and examined each text's quality of insrsstus aimed specifically at key
standards and benchmarks, using eriteria eftawn from the best available research about
what helps students leam. The results suggested that out of texts analyzed (10 middle-
grades science texts, and 10 high scheil biology exts), only one physical science
textbook was found to be satisfactory. that is, having a high potential for helping
students learn 1deas that are easential for science literacy. The rest of textbooks were
found to be unsatisfactory with little potential for helping students learn important ideas
and skills. Furthermore, from the above findings specific results pertaining to the high
«whiwol biology textbooks revealed that essentially all students, even the best and the
brightest have predictable difficulties grasping many ideas that are covered in the
textbooks. Yet, most textbooks# fail to take these obstacles into account in the activities
and questions. It was also found that for many biology concepts, the textbooks ignore or
obscure the most important ideas by focusing instead on technical terms and supertluou
detail, the sorts of material that translate easily into items for multiple choice test
(AAAS., 2001). While most of the books are lavishly illustrated, these representations
are rarely helptul because they are too abstract, needlessly complicated, or inadequately
explained (Roseman, Kulm, & Shuttle Worth, 2001).

2.1.3 Mtudiex Related to Textbook Readability

The challenge in acgessing readability 1« not only to determine how ditficult a
textbook i to read, but to match the learner’s reading ability to the textbook reading

difticulty. The term ‘readability’ refers to what Fry (2002, p. 286) calls ‘true
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readability . which 1 the ease with which a text or a passage may be read and the extent
to which it 1» interesting to read. This definition contains a subjective dimension that
distinguishes it from approaches involying the mere application of readability formulae.

The readability ot a text — in thix case a scientific text or passage — implies the
extent tiy which readers can read and make #ense of the text or passage rather than
reading. Because reading involues interaction with written texts, language proficiency is
considered to be necestary in order to effectively understand the text. In other words,
reading 1+ a ‘reasoning task connected to a language task’ (Swaftar, 1988, p. [41).
Hence. students need to learn and understand scientific language in order to comprehend
the scientific concepts and acquire the needed communication and thinking skills
(Kearsey & Tumer, 1999).

Vanous researchers have reported that students find science a “forbidding and
obscure™ (Halliday, 1993, p. 69) subject and that reading a science text is a difticult
enterprise that can be frustrating (Fang, 2006). But, research suggests that problems
taced by second language learners are not very different from those faced by native
ipeakers: Both encounter similar challenges when reading science texts as ‘science
language” includes teatures thatare peculiar to science, that is, the scientific register
(Fang, 2006; Halliday, 1993; and Kem1989).

According to Freeman and Person (1998, 12) “textbooks have simultaneously
been criticized for being either too easy or too difticult.” Texts that are easy for a reader
to process reduce the amount of active processing. The level of the text must be matched
to the level of the reader’s ability (Burns, 2006 & Fry, 2002). It is necessary to keep in

mind the fact that reader’s characteristics like motivation, interest, purpose and
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readability”, which is the ease with which a text or a passage may be read and the extent
te which 1t 1% interesting to read. This definition contains a subjective dimension that
distinguishes it from approaches involying the mere application of readability formulae.

The readability of a text — in thix case a scientific text or passage — implies the
extent to which readers can read and make sense ot the text or passage rather than
reading. Because reading involves interaction with written texts, language proficiency is
considered to be necessary in order to ettectively understand the text. In other words,
reading is a ‘reasoning task connected to a language task’ (Swaftar, 1988, p. 141).
Hence. students need to learn and understand scientific language in order to comprehend
the scientific concepts and acquire the needed communication and thinking skills
(Kearsey & Turner, 1999).

Various researchers have reported that students tind science a “torbidding and
obscure™ (Halliday, 1993, p. 69) subject and that reading a science text is a difficult
enterprise that can be frustrating (Fang, 2006). But, research suggests that problems
faced by second language learners are not very ditterent tfrom those taced by native
ipeakers: Both encounter similar challenges when reading science texts as ‘science
language’ includes features that are peculiar to science, that is, the scientific register
(Fang, 2006: Halliday, 1993; and Kern1989).

According to Freeman and Person (1998, 12) “textbooks have simultaneously
been criticized tor being either too easy or too ditficult.” Texts that are easy for a reader
to process reduce the amount ot active processing. The level of the text must be matched
to the level of the reader’s ability (Burns, 2006 & Fry, 2002). It is necessary to keep in

mind the fact that reader’s characteristics like motivation, interest, purpose and
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perseverance in the reading test aituation may difter from the same reader’s
characteristics when reading science texts (Guthrie & Wigtield, 2005).

The readability of a text depends on warious characteristics; according to
(Bamberger, 2000) the most important ones are: the difficulty or complexity of content,
the ditficulty of the language itself, the quality of style, the readability of the print as
well as the reference to the reader. The understanding students gain from reading texts is
intfluenced by many characteristici. some of which can be intfluenced by writers and
other that cannot. Background knowledge, education, language skills, and the reader’s
environment are among those that cannot be changed by the writers of texts. However,
several other factors can be influenced to increase understanding. For example, the
vocabulary used, the complexity of sentences, the density ot information in a text, and
the composition ot documents are among those factors that can be manipulated. Some
tactors will influence perceived ditficulty of a text, others will intluence actual
difticulty, and some may influence both.

The number of words in a sentence. the number of syllables in a word, the
number of ideas emphasized in a sentence, and the continuity of the ideas in a text are
the properties determining readability (Tekbiyik, 2006). According to Gunes (2003),
short and simple structured sentences are better learnt than long and complex structured
sentences. It i» important to take word sentence lengths into consideration and as age
increases, word and sentence lengths can also increase (Cecen, Ciftic, & Melanlioglu,

2007).

A study conducted by Abu El-Sheikh, Suelmyin, & Awamleh (2010) aimed to

determine readability level of science textbook among the 7t grade students in Jordan,
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ar well as to explore the etfect of gender on the readability level, and text order
according to its readability level in the textbook. The study results revealed that
students” performance in the readability level of the textbook was within the low
depression level also, Hiere were significant differences in respect of gender revealed
that students pertormance in the readability level were in favor of female students. The
results also rewealed that the reading texts in the textbook weren't scaled according to the

readability lewel.

Due to the importance of reading science books, has conducted, some studies
have been conducted to detect the level of study aimed to assess the readability of
science books (Wait.1987), English and social studies assessments for students in the
fourth, fifth and sixth grades primary enrolled in the school of research development at
the 'ninersity of Florida in the United States, and to measure the level of readability of
the books, where the study results showed a statistically signiticant differences between
the levels of readability books for grades fourth and tifth without the sixth grade, results
also showed that writing science for fourth and fifth grades had difticult readability of
the science books prescribed for other classroom subjects. It was found that more than
90% of the students were in low level in the readability of the study sample science

books.

Johnson (2001) conducted a study aimed to compare the readability of the books
of physics in the years of [0™ and 11" of education, the study has shown that the level
of readability of the textbooks of physics were low and did not reach the limit accepted.
Besides, readability of these books was higher than the level of the age of the students

who decided to learn them. Kotaite (2002), also conducted a study aimed to identity the



level of readability ot the Physics textbook scheduled second secondary grade students
in Jordan and the scientific results of the study indicated that the readability of the

textbook lays in the frustration level by 69% of students study sample.

Lin (1990) conducted a study aimed to analyze the books Earth sciences Geology
ured in schools in Taiwan and the results showed that Earth Sciences offer students the
problems, the procedures and the results before the experiment. The question is that they
measure the mental capacity of the student, making them remembering only. It is
«uggested that the level of readability is not commensurate with the level of education

required.

In a study conducted by Ombosaidy & Alarimi (2004), the Biology textbook of
firat-grade in the secondary cycle in Sultanate ot Oman was examined for the readability
relationship tact with some variables such as gender and achievements in the subjects of
Biology and Arabic. Four tests have been applied and these kinds ot testing continued on
a sample of 209 male and female students. The results of the study indicated that 56% of
the study sample had a readability level on separate levels, while 32% of the study
sample had independent level and 12% was at the frustration level. Results of the study
+howed no statistically signiticant ditferences between males and females in a separate
level in favor of females, while the difterences were statistically significant at the level
of frustration in favor of males, while there were no statistically significant differences
between males and females in the level of education. The results of the study also
showed a statistically significant relationship at the two levels but it weakens when it
comes to the performance of students in the reading test and their achievements in the

subjects of Biology and the Arabic language.
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There are important studies investigating the level of readability of science books
in all academic levels. In some ot these previous studies researchers have used the Cloze
Tast tir mearure the readability of science books, which is the same method used in this
study, but the difterence between this study and some previous ones is that it dealt with
the level of readability of the science textbook tor grade seven primary only, and found
¢ut 'whether there are differences between males and females in the level of readability
or not, and in the knowledgs included in scientitfic texts according to their location in
the science textbook in light of the degree ot readability, and this is what has not been
considered by any ot the previous studies mentioned before. Furthermore, El-Masri
(2010) analyzed the readability of Year 12 biology textbook in the Lebanese high school
wystem using both Flesch and Cloze Tests, and the reading strategies that students
employ when reading science texts. The results showed that the readability of the French
version ot the textbook was slightly higher than that of its English counterpart according

to both Cloze Test results and the Bormuth criteria as applied to the Flesch scores.

In tact, the previous studies suggested that learmers reading science textbooks in
language difterent trom theirs encounter numerous problems (Lemke, 1997). They first
need to simultaneously master both the science content and language at the same time
(Yong, 2010). Lemke (1997) confirmed this contention by suggesting that learmers have
to be engaged in two tasks together at the same time when leaming science; the first task
1s to comprehend the new language (1.e. English) and the other one is to understand the
scientific content. Yong (2010) reported that generally ESL leammers do not have the
necessary linguistic tools to construct advanced science concepts, implying that they are

more likely to underachieve in science. In addition, he reported that the readability ot the
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science textbook investigated far exceeds the reading age of the students. In terms of the
reading level. only about a third of the students studied by Yong were found to be
reading at the instructional level while the majority were found to be at the frustration
level. Furthermore, ¥ong also found that there was a positive significant association

between student reading level and achievement in science.

Merzyn (1987) reported in his study that the readability ot the textbooks
revi=Wed did not rise to the level ot the required education. Yong (2010) cited other
studies that found out that learning science in a second language pose a severe barrier to
comprehension of the text being read. Furthermore, studies carried out with ESL
learners found that the language used in science textbooks was too advanced for many of
the leamers (Letsoalo, 1996). These authors reported that the level of linguistic
competences possessed by some year 12 (17+ years) ESL learners may be comparable to
that of Year 5 (10+ years) English-speaking students. Santa & Alverman, (1991)
reported that students studying science in a language other than their home language are
not only challenged by the expectations of high school demands of science but also by
the language experience of having to read science textbooks and derive meanings from

analogy and metaphor that are frequently used in science.

The conclusion that can be drawn from these studies is that it becomes imperative that
textbooks provide the right content and instructional support in levels of readability that
s appropriate for all students. Because textbooks can be considered as not only an
intluence of what and how students learn, but also what and how teachers teach,
particularly in centralized curricula such as those of UAE, where the science textbooks

are written in English whilst UAE students are foreign language learners. It is theretore
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impprtant to find out whether these science kxtbooks provide appropriate scientific

content to the students or not.

2.1.45¢tudies Related to UAE T anmicuat

The United Arab Emirates has undertaken science education reforms for the
purpose to achieve promising goals for the future and to direct science education to
rerve the development of the country. In other words, there is a need to a modemn
technology-oriented economy. %o0. students should acquire the minimum level of
understanding of science as described by Bybee (2009). These retorms appeared in most
of the recent science textbooks in the field ot education which were adopted by the
Ministry of Education and ADEC, including the vision of 2020 and ADEC aims at
allowing the leamers acquire the scientific and technological literacy so that they will be
able to have better prospects, learning skills and consequently better living standards

(ADEC. 2010).

Taking into account the rapid movement of reform in the UAE, studies related to
UAE in relation to textbook analyses were rare. The search of previous research studies
has resulted in imited number of studies that deal with Scientific Literacy and
readability analyses. Tairab, (2006) investigated the extent of coverage ot Scientific
Literacy in the recently developed textbooks at the Basic education level of the UAE
educational system and the potential of its contribution to the development of student
realization of the stated learning outcomes. The findings suggested that the current
science textbooks need to be reconsidered so that they achieve the stated learning

outcomes.
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A\ similar perspective of documenting content related conceptual understanding,
Al-Magbi & Al-Maaman (2010), examined the Sultanate of Oman and the United Arab
Emurnies high school social studies and science teachers' perceptions towards citizenship
educatisin. Although the results were not directly related to the theme of the present
«tudy. the findings of Al-*aqgbi & Al-Maamari (2010) suggested that ™ational
Education, Social Studies, History, and Islamic Studies were the subjects that much
associated with citizenship education while science and Mathematics were less
associated with citizenship education. As such these findings may be interpreted in the
context of textbook analyses that suggest that topics related to citizenship education

were to be taught as part of social studies not as part ot science as STS content.
2.2 Summary

Taking into consideration the results found previously much importance was
given to science textbooks which not only must cover the key ideas that students need
for literacy. but also, they have to provide teachers with research-based instructions that

they can use to help their students learn scientific ideas.

Many research studies suggested that leammers reading science textbooks in a
toreign language tace various problems (Lemke, 1997). They need to master both the
icience content and the language at the same time when Leaming Sciences as Yong
(2010) précised. Moreover, the findings of these studies reviewed above emphasized
that science textbooks should provide the right content and instructional support in
levels of readability for both the leamers and teachers, especially in countries that have

centralized curricula like the UAE and where the learners are foreign language students.
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To conclude, it i# worth mentioning that the result iif the research studies
= lewed previously showed that textbooks have presented unbalanced views about the
*cientific Literacy, presenting science mostly as a body of knowledge with less
emphasis on the other themes that seemed to be advocated by most science education
curricula to provide the students with the chance to face the challenges of the 21*
century. This unbalanced view is most likely to affect the student conception of the

scientific Literacy and as a result the nature of the scientific enterprise.

On the other hand, findings related to readability studies showed that readability
of textbooks may pose a real difticulty on most of students when reading these
textbooks. So. teachers should take this into consideration providing the learers with
extra resources to help them. Authors of the previously reviewed studies suggested that
adoption of a bilingual approach is one of the immediate solutions to interaction in the
clasyroom and in the investigative activities till the learners develop the needed reading

level.

Based on the above literature findings, this study is expected to provide a
singular avenue for analyzing textbooks used in Cycle 2 from both perspectives of both
content knowledge as well as reading levels. One unique feature of the present study 1s
that it combines the two perspectives (content and readability) to provide the readers

with knowledge based that is pertaining to the UAE context.



Chapter 3: Methodology

3.1 Introduction

The purpose of this chapter is to provide a comprehensii e description of the
procedures used in the implementation of this study. The description includes the
tthwwing: Study design. selection of the participants, selection of the research

instrument, procedure for collecting the data and procedure for data analysis.

3.1.1 Design of the Study

The study 1s based on an exploratory descriptive content analysis design in which
the content of the science textbooks at Cycle 2 were analyzed for their representation of
Scientific Literacy themes and readability level. According to Oxford English Dictionary
(2014). exploratory are actions that involve exploration and investigation in order to
discover something or to learn about something. Burns and Grove (1998) define
exploratory research as research conducted to gain new insights, discover new ideas

and/or increase knowledge ot a phenomenon.

Since the purposes ot this study were to identitfy the aspects ot Scientific Literacy
(themes) that are emphasized by the science textbooks used in grades (6 - 9), and
identity the readability level ot science textbooks, the exploratory content analysis
design was deemed to be appropriate tor these purpose because it allows the researcher
to gain insight into the representation of the Scientific Literacy themes as well as

identify the reading level of each of the textbooks under the study.



3.2 sampling

Two types ot sample and sampling procedures were involved in the present
study. The firet sample was that which pertains to the textbooks to be analyzed and the
recond sample pertains to the students who use these textbooks. Textbooks were
welected for their content analyses and the students were selected to identify their reading

ability.
3.2.1 sample of Textbooks

The textbooks used in this study were Science Focus for the United Arab
Emirates (Student version), 2™ edition by Whalley, Phillips, Monckton ... and Naville
(2009), which were the focus of this study (Appendix A). The textbooks include four
series grade levels: six. seven, eight, and nine. The textbooks were first published by
Pearson Australia. in time for the implementation of the new educational policy of
ADEC. All science content in these textbooks is taught as units which have been
classified into tour areas: Matter (Chemical Science), Physical World, Living World
(Biological Science), and Earth and Space (Geological Science and Astronomy) and one
specitic skills area (Being a Scientist) which is covered through the four areas. The
textbooks were printed in colors, diagrams, and high quality pictures. They include at
the end of each unit various aspects of assessments to engage students with reading and
development ot scientific ideas. The assessment aspects range from thinking and
problem #olving activities to practical and investigative activities that aim at enriching

student understanding of the four content areas presented in these textbooks.



The selected textboitks were used to answer the research questions related to
representation ot Scientific Literacy themes and readability levels.

The Science Focus textbook for grade 6 contains four areas presented in 358
pages, and four areas: Matter (8 units), Physical World (11 units), Living World (15
units), and Earth and >pace (10 units). In grade 7 the Science textbook covers 384 pages,
and tour areas: Matter (11 units), Physical World (8 units), Living World (9 units), and
Earth and Space (16 units). While the Science textbook for grade 8 includes tour areas:
Matter (7 units), Physical World (10 units), Living World (13 units), and Earth and
=pace (6 units), in 344 pages. However, grade 9 Science textbook comprises 313 pages
in four areas divined into difterent and specitic chapters: Chemical Reactions (4 units),
Materials (5 units), Electricity and Communications Technology (5 units), Genetics (4
units), &lotion (7 units), Health and Disease (5 units), Theory ot Evolution (3 units),
Global Issues (4 unity), and Individual Research Project (2 units). Most ot the topics are
sequential and integrated from one grade level to another with more complexity details
and depth in meaning; in grade 6 unit 1 the topic is ot arranging the elements, in grade 7
unit 6 the topic metals, non-metals and semi-metals, while in grade 8 the topic i1s atoms
and elements in unit 1. However, there are more specific in grade 9 unit 2 about pure

metals and alloys.
3.2.2 The Student Sample

The sample ot this study consisted ot 200 students drawn purposively trom two
ot Al Ain Cycle 2 government schools during the 2013/ 2014 academic year. One school
is for boys and the other school is tor girls. The total 200 participants were drawn from

difterent grades (6 - 9). The participating students were selected randomly from the



available classss. Initial selection of these classes was based primarily on the availability
and willingness ot teachers to inwolve their students in the study. The samples consist of
103 male and 112 temale students between the ages of (10 — 15) years. The female
students who appeared for the test were 105 out of the participants’ sample, as 4 students
were absent from school on the day of the administration ot the (“loze Test, while the
male students who appeared tor the test were 92, as 11 students were also absent on the
das of the administration ot the test. The distribution of these students over the four

grade+ i shomn in Table I.

Table 1: Des=riptive of the.:ample

&lale Female
o w Attend oS Attend
Lzvels sum. Num.
Grade 6 30 30 29 28
Grade 7 26 22 28 28
Grade 8 27 2 27 25
Grade 9 20 19 28 27
Total 103 92 112 108
Percentage of Percentage of
Participation 89.3 % participation 96.4%

3.3 Data Collection Methods

Data collection involved two methods; content analysis ot the selected textbooks
tor evidence of the representation of the Scientific Literacy themes in these textbooks
and identification ot readability indices ot the selected textbooks and the students’ actual

reading levels.



3.3.1 scientific Literacy Themes

The analysix of the textual information to identify the level of representation of
the Scientitic Literacy themes wan based on a framework developed by Chiappetta,
Fillman, & Sethna (1991b) that categorized Scientific Literacy as (a) the knowledge of
science, (b) the investigative nature of science, (c) science as a way of thinking, and (d)
the interaction of science. technology, and societv. These themes were tfound to associate
with the description of the Scientific Literacy (Boujaouda, 2002; Stern & Roseman,

2004).

3.3.1.1 Validity of the Framework

The validity was established through the findings ot present research studies.
several szience textbooks have been analyzed to establish the representation ot the four
themes ot SL (Baarah. 1991; BouJaoude, 2002; Fillman, 1989; Garcia, 1985;
Chiappetta. 1991; Chiappetta etal., 1993; Laugksch, 2000; Lumpe & Beck, 1996;
Mumba, Chabalengula & Hunter, 2006; & Wilkinson, 1999). In general, these studies
report that the basic knowledge of science aspect ot SL is the most emphasized theme
tollowed by science as "a way of investigating" theme, less on science as "a way of

knowing", and even less on the" interaction ot science, technology, and society" theme.

Abd-EI-Khalick (2002) reported on the images of the nature ot science tound in
middle-level science trade textbooks that are advocated by educators. He used nature of
science themes advocated by Chiappetta et al. (1998), and specifically those found in
Benchmarks for Science Literacy (AAAS, 1993): empirical nature of scientitic

knowledge, durability and tentativeness of scientitic knowledge, replication and



confirmation in «cience, the myth of the “«cientific method™ and the imaginative creative
%O, theory-laden nature ot science, limitations of science, humanity's contributions to
rcience versus access to the scientitic enterprise, and the structure of the scientific
enterprise. Abd-El Khalick concluded that the four books, selected randomly from the
mational Science Teachers /Association list of award-winning science trade books, were

devoid of any explicit reference to important elements that detine the nature of science.

Erdogan & Koseoglu (2012), studied the analysis of the g grade physics,
chemistry and biology curricula, which were implemented by the Ministry ot Education
in Turkey since the academic year 2008-2009, in terms of Scientific Literacy themes and
the balance ot these themes and also to examine the quality of statements about
objextives. Analysis results revealed that the theme "the knowledge of science" in the
chemistry curriculum and the theme "the investigative nature of science” in the physics
and biology curricula were well emphasized, the theme "the science as a way ot
thinking" was not adequately emphasized in each ot the three curricula. The findings of
the study show that nature of science should be more emphasized in science curriculum
to help each ot citizens in our country become litelong learmers and have an adequate
level of Scientitic Literacy.
3.3.1.2 Reliability of Framework Used

In the present study, two independent researchers performed the analyses
independently. To ensure reliability of the results and the accuracy ot the representation
ot the Scientitic Literacy themes in the science textbooks, 90% or above agreement
between the two researchers was regarded as a cut oft point for accepting the results ot

the analyses. Analyses were considered valid to be included directly in the results if they
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meet this cut oft point. Disagreements between the researchers were resolved through
consensus and reaching common agreement.

3.3.2 Grade Reading lL.evel

The readability nf the science textbooks was determined by using two
instruments namely the Flesch-Kincaid Grade Level Readability Formula and the Fry
Liraph. £,in the other hand, the actual reading ability of the participating students wasg
determuned by the € leze Test. The two readability tests as well as the Cloze Test were
used m this study because of their ease of use as well as their reported proven reliability

in estimating the readability level osf textual information and students.
3.3.2.1 The Flesch-Kincaid Grade Level Readability Formula

The Flesch-Kincaid Grade Level Readability formula is based on the number of
syllables in each work as well as the number of words per sentence (Flesch, 1949). The
readability ot textual information i» established based on calculating the average number
of words used per sentence and the average number of syllables per word to provide an
index that describes the reading lewel ot a text. %cores can be interpreted as shown in the

figure tretinw:

Figure I: Scheme of Interpretation of the Readability Level

Score Notes
90 -100 Very easy to read
80 -89 Easy toread
70 - 79  Fairly easy to read
60 -69  Standard — Average to read
50 -59  Fairly difticult to read
30 - 49  Ditticult to read
0-29  Very confusing to read
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3.3.2.2 Fry Readability €sraph

Fry Readability Liraph (Fry, 1977) is one of the most frequently used formulas in
education. Fry Readability firaph 14 ¢smmonly used in education because wf the ease of
use and the reliability st indices generated by this formula. The Fry Readability Formula
ansigirrs an appriimate grade reading level to a passage of text. The formula depends on
the vocabulary and sentence structure of the text, not the organization or content. The
grade reading level is found by plotting the average number of sentences and syllables
on the Fry Readability Liraph which measures reading levels from Ist grade to college
wears. The Fry griphi was alss used to determine the relative difticulty of the vocabulary
or sentence length ot the passage= (Fry, 1979). The Fry Readability Formula depends on
the vocabulary and sentence structure of the text. The readability of textual information

1s calculated based on the fnllowing steps:

I. Random selection of approximately four 100-word segments of a text;

8

Counting the number of syllables in each 100-word segment and calculating the

average of syllables in these segments;

3. Counting the number ot sentences in each 100-word segment and calculate the
average of sentence;

4. Plotting the average number of sentences and the average number of syllables on
the graph; and

5. Finding out the intersection ot the average number ot sentences and the syllables.

The area in which the average number ot sentences and syllables cross is the

grade reading level of the text.
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I he grade reading level is found by plotting the average number ot sentences and
syllables on the Fry Readability Graph which measures reading levels from 1°' grade to

college years.

In the present study the readability indiges @it science textbooks were calculated by
using online calculaters and randomly selecting three passages et 100-word length and
entered into the online calculator. The calculator works by counting the number of
sy 1lables 1n each Julk.word segment and calculating the average of syllables in these

egments; ciiunting the number of sentences in each 100-word segment and calculating
the average of sentence. The calculated index indicates comprehension difticulty when

reading the scientific content of the textbook.

3.3.2.3 The Cloze Test

The Cloze Test, Wilson Taylor, (1953) was used to assess the actual reading
ability of the students. The test measures the level ot readability of educational material
by students and thus. students can be classified according to the indices generated by this
test. Wellington & Osbormne (2001) develop a classification scheme to place students
according to their Cloze Test scores as either at an independent, an instructional, or a

frustration level as tfollow:
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Table 2: Students™ Reading Level in Relation to Scores in the Cloze Test

Reading level Score Suitability of reading matenals
Independent 60-100% correct  Materials are too easy for students
Instructional 40-59% correct Materials are appropriate for students but

need teachers’ support and guidance

Frustration 0-39% correct Material are too difticult for the students

Wellington & Osbormne (200 1) suggested that students who obtain 60% or above
in Cloze Tests may be classitied as independent readers at the independent level who
can read with ease and always find similar matenials easy to read and understand.
Students wvho obtain a score between 40% and 59% are classitied as within instructional
level readers who may rely to a large extent on external support and guidance to
understand textual materials. On the other hand, students who obtain scores below 40%

are classitied as frustration level.

In the present study the Cloze Test was used because of its established reliability
and 1ts relation to language literacy as evidenced by studies ot David (1977), and its
variability and suitability to texts of ditferent linguistics nature (Brown, 1983).
Furthermore, the Cloze Test measures difficulty of the text itselt and not the ditticulty of
the questions (Harrison, 1984). Other studies suggested that Cloze Test reduces the
chances of guessing, because filling in the missing words trend help avoid guessing and

hence force students to read the text and absorb meanings (Harrison, 1984).

A Cloze Test uses a text with selected words deleted and replaced with

underlines ot the same length. Having at least 50 blanks in the reading selection
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increaren the reliability of the test. In this study used 25 blanks were used then multiply
by 2. To score a Cloze Test, use the percentage of all the words that are correctly
entered, that i+, the right words in the right form (no synonyms), number, person, tense,

vislee, and mode. Do not count spelling.

In this study lour passages in different areas of science subject matter on
‘Biodiversity' (p. 307) grade 6. ‘People and Erosion’ (p. 344) grade 7, ‘Moving
Volcanoes' (p. 168) grade 8, and ‘Selection of Peppered Moth(s)' (p. 225) grade 9, were
vhosen and it conwsists of some 196, 171, 174 and 147 words respectively. The topics are
new to the students as they have not been taught by the teachers. In all passages, the tirst
and the last sentences were left intact. Deletion of words starts from the second sentence.
This was done by counting from the first word of that sentence and every fifth word was
deleted henceforth. The deleted words were replaced by blanks of the same length so as
not to provide any clues about the size ot the words. The respondents were required to
supply the correct words, either exact or equivalent words, for the (23 blanks — grade 6),
(27 blanks — grade 7), (25 blanks — grade 8), and (22 blanks — grade 9) in the passage.
Thus, a maximum total score ot 23 ftor grade 6, 27 tor grade 7, 25 for grade 8, and 22 for
grade 9 may be scored by students. Percentages of correct answers were generated to
establish reading levels of students as suggested by Wellington & Osborme (2001). In
order to do this, they need to be able to follow the language pattern and vocabulary to
till the blanks. Students were given 15 minutes to fill in the blanks. The tests were
administered in the end of the science lessons and it re-visited after two weeks with the
same sample of participants to estimate the rehability, and to calculate the correlation

between the two sets of scores.




45

3.4 Data L allection Priccedures

Twir enperienced wnence educators; (a science teacher and a researcher)
independently analyzed the four matter units of science textbooks for each grades using
the same procedure. which mwilved classitying and matching the elements of the four
scientific Literacy themes #ith the complete paragraphs, review questions, figures with
gaptions, and tables with captions, charts with captions, and marginal comments. Each
science textbook for each grade was read and each unit of analysis was identitied and
placed mtir iine of the four themes of the Scientific Literacy. Then, the percentages of
the four themes were tibtained for four matter units ot science textbooks for each grade.
\fter the fwo science educatars independently analyzed the four matter units of science
textbooks %ir each grade, they came together to discuss their coding. In cases where
there was mismatch between them, they resolved the difference by either adopting one

category, or redoing the analysis together.

For the readability of the textbooks, eight passages were randomly selected by
volunteer teachers and the researcher, and then randomly selected tfour passages out of
the eight. In this case, the analyses involved counting the number of sentences as well as
syllables in each of the four 100-word passages. The following table 3 provides a

summary statistics of the selected topics:
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Table 3 SHummary Statistics for the selected Topics

Crade Topics Page num
level '
L[ [Laexdys Tk 307
7 People and Frokion 344

Mg ing Yolcanoes ik
" “election of Peppered 595

Moth(s)

3.5 Data Analysis

This study employed mainly quantitative data analyses. Therefore, the analysis
ot the collected data included the use of descriptive statistics in order to answer the
research questions pertaining to the representation of the Scientific Literacy themes of
the textbooks a+ well as their readability levels. Descriptive statistics were also used to
protile student actual reading lewvels so that comparisons between the readability of the

sicience textboitks are compared with the actual reading levels of students.

3.4 Summary

This chapter examined the inclusive description ot the procedures used in the
implementation of this study. The selected textbooks were used to answer the research
question« related to the representation of Scientific Literacy themes and readability
levels, which were &cience Focus for the United Arab Emirates. The study involved 200
students. The analysis of the textual information to identify the level of representation of
the ®cientific Literacy themes was based on a framework.

The procedure in this study provided a framework, which involved two method+

tfor examining the use of the readability of the science textbooks by using: the Flesch-
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Kincaid tirade Level Readability Formula and the Fry Graph. Lin the other hand, the
actual reading ability of the participating students was determined by the 1 laze Test.
['kis study mainly used quantitatise data analyses and the analysis of the

collected data included the use of descriptise statistics to answer the research questions.
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{ hapter 4: Findingy

4.1 Introduction
This chapter presents the findings of the current study, which was designed tis
investigate the analyyis of grade (6 —9) science textbooks used in ADEL schools in
relation te Seentific Literagy and readability level. The current study wak designed tis
address the follewwing main questions:
I. How do science ieitbooks used in grades 6 - 9 of Abu Dhabi Fducation Council
ichools (ADEC) represent the themes o1t Scientific Literacy?
2 What are the readability indices of science textbooks used in grades 6 - 9 of Abu
Dhabi Educatijin £ ouncil schools (4DEt )?
3. e are the readability indices of theas textbooks progress through the grade

levels of Mbu Dhabi Education I. ouncil schools (ADEY)?

These results are organized and displayed in the tables to present quantitative tfindings n

order to addres= the three research questions.
4.2 Representation of the Aspects of Scientific Literacy

In order to answer the first research question which was related to representation
of the aspects of the scientific Literacy in the textbooks of grades (6 - 9), the collected
data were analyzed and tabulated in forms of frequency distributions and percentages for
each aspect as shown in the tables below. It should be noted that topics included for the

analyses were unit | “arranging in elements” for Grade 6, unit 6 “Metals, non-Metals
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and semi-Metals™ fir grade 7, unit | “Ateims and Elements™ for grade &, and finally
“Mletals and Alloys ™ for grade 9.

Table 4 Percentage gf eientifie Literacy in {.ycle2 Schiol 3cience Textbotiks- Grade 6

Dimenr.;m:-t of Sowmuiic 'I-.uH:u-_u

Girade level s knowledge As investigative drway of As an
%) activities (%) knowing (%) Interaction of
STS (%)
firade 6 77.2 am 14.2 N

For grade 6 textbook and as indicated in Table 4, the knowledge of science
aspect was heavily represented mounting to 77.2% of the textual information. The rest of
the aspects were presented by the remaining percentage ot (22.8%), with the aspect of
srience as a way of knowing as the second category (14.2%). The investigative nature of
science and the interaction of science, technology and society were minimally
represented as 4.6% and 4.0% respectively.

Table 5: Percentage ii Scientitic Literacy in L'ycle2 School Science Textbooks- Grade 7

[Jismensaeink of Scientific Literacy

Grade level  Aa drrivwirddpx Au investigative As way of As an
(") activities (%) knowing (%) Interaction of
STS (%)
Grade 7 74K 2.3 18.1 4.8

Grade 7 textbooks showed similar trends to the representations of the aspects of
Scientific Literacy of grade 6 textbooks with heavy emphasis on the scientific
knowledge. Table 5 showed that the knowledge of science was dominantly represented

as (74.8%) and followed by science as a way of knowing aspect as (18.1%), with the
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interaction wf signice, technelogs and wociety repreventing 4.8%. Again the investigative
nature «f science #nls minimally represented (2.3%).

Table 6: Percentage of Scientific Literacy in € ywzle? Schonl Acience Textbiioks- Grade %

Dumereesms of Scientitic Literacy

Lirade level s know/ec/ge_ s persiganiee As way of As an
(%) asiriiiies (Ma) knowing (%) Interaction of
STS (%)
(inale & i} L | 5.5 63

Table 6 shows that the selected units of Grade ® devote a substantial amount of
(60.4%) of their content to the aspect knowledge ot science while the investigation
nature of science cover with a (8.1%). Science as way ot knowing theme present with a
(25.5%0) are more emphasized than the theme of interaction of science, technology and
siciety, which was represented by 6.4% of the content.

Table 7: Percentage of =cientific Literacy in Cycle2 %chool Acience Textbooks- Grade 9

[temgnsiposs of Beientific Literacy

Grade level Is knowledge As investigative As way of As an
(%) activitiei (%) knowing (%) Interaction of
STS (%)
Grade 9 52.6 4.5 36.8 6.1

The trends of Scientific Literacy representation continue to grade 9. The results
that appear in Table 7 showed that most of the scientitic content presented in grade 9
textbooks was focusing on the aspect of the scientific knowledge. The theme of the
knowledge ot science represented 52.6% of the textbook content, with 4.5% ot the

content devoted to the theme of investigative nature of science. Science as way of




knowing theme on the other hand =a« represented by 36.8% of the content, while the
theme of interaction ot science, technology and #iiciety was represented by only 6.1%.

Table 8: Representation ot *cientitic Literacy in Cycle2 %chool =cience Textbooks

Pyt of Scientific Literacy

As knowledge As ;'m'e.wiguri\'e A El}' of As an
(%) activities (%) knowing (%) Interaction of
STS (%)
{iverall 663 3.9 23.7 5.3

Table ¥ shows the overall representation ot the themes of the Scientitic Literacy

in the analyzed textbooks for the four grades. Inspection of the table 8 shows that
cience as knowledge is the predominant theme with 66.3% of the scientific content

presented in these datbooks was devoted to the scientific knowledge theme. The
material devoted to science as a way of investigation was represented by only 3.9% of
the content, and the material devoted to science as way of knowing was given 23.7%
representation. Finally, the theme of interaction of science, technology and society was
also minimally covered in the content of these textbooks (5.3%).
In summary, the overall the results showed that while high percentages of content
coverage were based on a theme of the knowledge of science at the beginning of Cycle 2
(Grade 6), there was a tendency of less representation of this theme as we move up the
grades (6 - 9). However, the overall results suggested that the representation of the
themes were not really balanced. Science as a way ot knowing, as investigative
activities, and as interacting with science, technology were all neglected in these

textbooks.
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4.3 Readability of the Science Texthook

With regard to the s=crind research question pertaining to readability indices ot
icience textbooks used in grades &, 7, 8, and, 9 Flesch-Kincaid and Fry Graph formulas
were [iriormed on three randomly selected passages on the same topics (chapter 2) from
each textbook for calculation of the readability indices as suggested by the two formulas.
Furthermore, a Cloze Test was used to measure the actual reading levels of students in
the ditterent grades to classify students as Independent (Unassisted reading),
Instructional (Asuisted reading), and Frustration levels. The two readability estimation
methods (Flesch-Kincaid and Fry Graph tormulas) were chosen because they are
relativels easy and simple to use and to apply, and have over the years provided
reasonable estimate« of readability an indication of their validity to provide accurate

measures (Wellington & Osbome, 2001).

In his study, both Flesch-Kincaid and Fry Graph formulas were used to compare the
results of the readability level over the same textbooks based upon sentence length and
syllable count used for sixth grade to ninth grade. Flesch-Kincaid Readability Formula
focuses on the average number of syllables per word and words per sentence, while Fry
Readability Graph tfocuses on the average number of syllables and average number of
sentences per 100 words.

Table 9 presents the data for Textbook passages grade level, Flesch-Kincaid grade

level, Fry Graph grade level, and Average grade level.
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Table 9: { omparison of Readability of Science Textbooks Using Two Readability

Fermulas

Grade Reading age level

Levels Flesch-Kincaid Fry Graph -'herage

6 B.1 -9 8.05-8.55
7 10.03 9-10 9.52-10.02
W 9.09 10 9.55

9 9.5 10-11 9.75-10.25

According to the Flesch-Kincaid Reading age levels results, seventh grade
showed highest reading demand that was around 10.03; three age levels above the
reading ability of the students. As well as, sixth grade levels more than two age levels
around 8.1 reading age level. Nevertheless, 9.09; the reading ability age levels obtained
for eighth grade one age level higher than the accurate reading age level, whereas, ninth
grade respectively indicated that the textbooks were little difficult for the students
around 9.5; one to half age levels.

Likewise, Fry Formula showed trends similar to those shown by the Flesch-
Kincaid Formula. The highest reading insist that was between 9 to 10 in grade 7 is
similar to grade 6 between 8 to 9, which approximately three age levels above the
reading ability of the students. Additionally, in both grade 9 and grade 8 the results
showed two age levels more than the exact age reading level ot the students. Grade 8
results jumped into 10 age reading level yet grade 9 results fostering around 10 to | lage
reading levels.

Table 10 shows the average number ot sentences per hundred words was in the
horizontal axis and for length axis was the average number of syllables per hundred

words, this table is explained as can be seen in (Figure 2).




Table 10: Fry Average “umber of 5y llables and Hentences per 100 Words

thie average number of

the average number af
sentences per 100

srade level
krrade leve syvllables per 100 words

wiirdi
lrrade 6 143 5.1
[srade 7 151 48
Cirade # 146 5.4
firade 9 162 6.6

Figure 2: Fry Liraph for Readability €irade Levels (Wellington & Osborme. 2001)
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Grade 9:4verage of sstlutdes per 100 words = 162 Average of sentences per 100 words =

=eventh and sixth grades involved highest reading insist that were around 8 to 9

age levels above the reading ability of the students. Also. the reading ability age levels

Grade 6:4verage of silld¥es per 100 waesdy = 143 Average of kentences per 100 words = 5.
Grade 7:4verage of svllables per 100 words = 151 Average of sentences per 100 words = 4.
Grade 8:4verage of svilables per 100 words = 156 Average of sentences per 100 words = 5.
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nbtained Fir eighth grade twwr age lewels higher than the exact reading age level while
ninth grades respectively indicated that the textbussks were slightly difficult for the
students around ene age level morg. The tindings shown in the abiwe graph suggest that
all age reading lexels around one tis isne and a half grade level abose.

In order to compare the reading levels ot these textbooks with the actual reading
levels of students, L loze Tests were administered to a sample of students from each
grade level. Table 11 represents the results of the £ loze Test acorer at each instructional,
independent, and frustration level for the science textbooks.

Table 1 I: Distribution of all Participate Students at Independent, Instructional, and

Frustrativin Levels

Al Parmctpone Saadnins

farade I ndependent Fyatrusictiinnie) :
. . Frustration
level (unassisted reading) | Assiuteid resulmg) 0-39%
60-100% 40-59%
Grade 6 21.3 22.6 56.1
(irade 7 11.7 16.5 71.8
Grade ¥ 15.6 38.6 45.8
Grade 9 17.1 35.1 47.8
All 16.4 28.2 554

The results showed that only 16.4%o0t the subjects were able to demonstrate
reading abilities at the independent reading level without assistance, while 28.2% of the
students in instructional level. At frustration level was sharply more difticult for the
students to read #o that the result showed a level ot 55.4%.

A majority of seventh grade students represented the highest percentage at

frustration level by 71.8%. Gradually results found in grade six with 56.1 per cent of the
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students at the same level. Furthermore, grade nine and grade eight slightly in the same
trends around 47.8% and 45.8% respectively.

Students could read the textbook instructionally level with the assistance of the
teachers which clearly less achieving in grade eight with 38.6%, yet students realized
#5.1% in grade nime which was gently in high percent. On the other hand, the sixth grade
obtained the ratio of 22.6% in the instructional level, even as; the seventh grade was
decreased t 16.5%.

Grade six students shimied a better result than the rest of the grades where the
proportion accounted for 21.3% in independent level. Note through the convergence of
results between grade eight and grade nine, where the ninth grade students achieved a
higher rate 17.1% than the eighth grade students 15.6% narrowly. Reflected lower ratio

has been achieved in the seventh grade, where the result represented 11.7%.

From the findings, it was revealed that all the textbooks are somewhat complex
and far above the reading ability levels of the intended readers. It was also recorded that
a vast number of the students are reading with frustration. This suggests that the science
textbooks presented to all the student levels in Cycle 2 stages are fairly difticult and not
appropriate tor them. It is therefore recommended that text materials presented to these
students should be written with reduced syllable and short sentence length that can be

read with ease by the students.




4.4 Progression of Readability l.evel

The third questiiiny deals wath the extent tis which readability indices of science
tentbouks progress thriugh the grade levels. In this study, quantitative data emanated
from the L liize Test, and the Flesch-Kmcaid and Fry Readability Farmulas sere used to
compare the progression of the readability through the lour grade lew els.

Table 1Z: Average Reading Age Lewel of fcience Textbooks Lsing Flesch-Kincaid and
Fry Graph Readability Formulas

Gradid Liteels . Average Redditig sl levol

b KOS . K55
9.52 - 10.02
9.55
9.75 - 10.25

Based i the enormiius quantity ot knowledge information contained in science
textbooks, Table 12 indicates a signiticant increate in the lev el of readability among
students in different grade levels. According to the data analyxis results, grade 6 and 7
textbooks have matched the reading level of grade # -10 to indicate that these textbooks
will be too difticult for their corresponding average grade 6 and 7 students. Similarly
grad % and 9 are matching one grade level higher (grade 9 — 10) than their actual levels.

Figure 3, illustrates the progression of Flesch-Kincaid Reading Level in cycle2
grades. It 1s obviously clear that as student progressed through educational levels, the
readability of the textbook ot corresponding grade progressed also but at higher rates.

- xceptionally, so was the readability index pertaining to grade 7, which was tound to be
exceptionally higher. It 1x expected that this trend will negatively affect the progression

of the student's reading performance ot these science textbooks.
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Figure 3: Progress of Flesch-Kincaid Reading Level in Cycle2 Grades

Flesch-Kincaid Reading Level
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Unlike the trends shown by Flesch-Kincaid formula, a gradual increase was
evidenced in Figure 4 for results of Fry reading level. There is a gradual uniform
increase in the indices of readability from grade 6 to grade 9; with grade 9 showing the

highest level of high readability followed by the 8, 7 and 6 grades.

Figure 4: Progress of Fry Reading Level Formula in Cycle2 Grades

Fry Reading Level Formula
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Taking into account the findings presented in Table 12 with regard to Cloze,

which showed that the majority of student were classified as at the frustration level, it is
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obvious that the majority of students will not be able to read these textbooks

meaningfully.

Figure 5: Percentage ot Student Distribution on the Reading Levels
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In summary, the findings from the Cloze Tests and Readability formulae showed
that all analyzed textbooks were beyond the reading level of the Cycle 2 grade six,
seven, eight, and nine students and as such these textbooks are likely to present
challenging information that make them difticult to read with understanding by students.

4.5 Summary

The findings of the study was designed to investigate the analysis grade 6 — 9
science textbooks used in ADEC School in relation of Scientific Literacy and readability
level. The results were displayed in the quantitative tables to address three research
questions: (1) How do science textbooks used in grades 6-9 ot Abu Dhabi Education
Council schools (ADEC) represent the themes ot Scientific Literacy?, (2) What are the
readability indices of science textbooks used in grades 6- 9 of Abu Dhabi Education
Council schools (ADEC)? and How are the readability indices of these textbooks

progress through the grade levels of Abu Dhabi Education Council schools (ADEC)?
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To anawer the first res=arch questiiin. the collected tkita were analyzed and tabulated in
lrma it frequency distributiens and percentages for each Scientific Literacy theme. The
result shpwed as: science as knimwledge theme (66.3%), sz1ence as a way of investigation
(1.9 %I, science as way if knaweing (23.7%). Finally, the theme of interaction of
science, technology and society amounted to (5.5%). The sverall results suggested that
the represevitution of the themes were not really balanced. &ience as a way of knowing,
as ivestigative agtivities, and as interacting with science, téchnology were all neglected

In these textbourks.

In his study, both Flesch-Kincaid and Fry Graph formulas were used to compare
the results of the readability level over the same textbooks based upon sentence length
and w¥llable count used for sixth grade to ninth grade.

Likewise, Fry Formula showed trends similar to those shown by the Flesch-
Kincaid Formula, the highest reading insiat that was between 9 to 10 in grade 7,with
reading age level (10.03); similar to grade 6 which 14 approximately three age levels
above the reading ability of the students with around (8.1) reading age level.
fdditionally, in both grade 9 and grade % the results show two age levels more than the
exact age reading level of the students that paralleled around (9.09) and (9.5).

In order to compare the reading levels of these textbooks with the actual reading
levelr of students, Cloze Tests were administered to a sample of students from each
grade level. The results showed that grade six students had better result than the rest of
the grades where the proportion accounted for 21.3% in independent level. The results
convergence between grade eight and grade nine, where the ninth grade students

achieved a higher rate 17.1% than the eighth grade students 15.6% narrowly. However,
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the Retlected lower ratio has been achieved in the seventh grade, where the result

represented 11.7%.

Finally, grades 6, 7, and 8 textbooks showed the highest mismatch as high as two
grade level above the actual intended reading level. The tindings also indicated that

Grade 9 textbook was slightly difticult for the students by one age level higher.




© hapter 5: Discussinn

S.1 Intraduction

The purpos of this atudw s tir examine the nature and extent of Scientific
Literace themes coverage in the sience temtbisjhs of the € 'ycle 2 schools of &bu Dhabi
Emuirate. and their readability levels in relation to the cognitive readiness of students at
'scle 2 grade levels. The study revealed a number of the important tindings presented in
the previtsus chapter were presented in three major sections. The tirst section presented
the tindings related to analys1s the Scientific Literacy of science textbooks enrolled in
grades 6 through 9 in terms of four themes: (a) thit knowledge of science, (b) the
investigative nature of science, (c) «cience as a way of thinking, and (d) the interaction
of science, technology, and society. The second section presented findings related to
readability level of science textbooks, which determined by using two instruments
namely the Flesch-Kincaid Grade Level Readability Formula, and the Fry Graph.
Finally, the third section examined findings related to the reading levels of students as
measured by the Cloze Test.

The findings suggested that much of the focus was on introducing science as a
body of knowledge and that much of these textbooks can be regarded as beyond the
reading level of their intended users- grades 6 — 9.

The purpose of this chapter is to discuss these findings within the context of the
literature and identify their implications to the local context. This chapter is divided into
three major sections: the first section discusses the tindings within the current research

findings in science education. The second section presents implications of these tindings
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for practice and textbawk usage. The third sectivn focuses ¢n putting fiwward
recommendations tar further rescarch.
S.1.1 Representation of Scientific Literacy

% god curmiculum iuterel can be a pukkerful driving force fr imprisving
teaching and learning (Ball & f.ishen, 1996). Data analywis suggested that the level of
representations ot Scientitic Literacy ditfered significantly in the analyzed textbooks.
The findings suggested that science textbooks curriculum materials across the four grade
luvels were found to be forusing on represénting science as a scientific knowledge in
terms of identifying and explaining concepts, facts. principles, theories and laws, and
recalling and transnitting the information. Around three-quarters of science content
coverage were based on the theme of science as knowledge especially in grade 6 and 7,
with less emphatis on such scientific knowledge at grades % and 9.

Furthermore, although, the analyzed science textbooks seem to denote
approximately one-third of their scientific content to teaching science through the
p:ience as a way of thinking, the four science textbooks have covered only a small
percentage of szience as an inkestigative activities, and as an interaction among science,
technology. and society.

These tindings were in line with previous research studies (Boujouade, 2002;
Cakici, 2012: Chiappetta, Fillman & Sethna, 1991; Lorsbach & Moore, 2008; Lumpeand
Beck, 1996; Mumba, Chabalengula & Hunter, 2006; Tairab, 2006; & Wilkinson, 1999).
These studies reported that the basic knowledge of science aspect of' 5L 1% the most
emphasized theme followed by science as a way of investigating theme, less on science
as a way of knowing, and even less on the interaction of science, technology, and society

theme. The tindings of the present study seemed to point to the same direction that much
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empha#is has been given ta sientific knawledge at the expense wf the isther themens that
are much needed today to g4tpe with the demand of the ever changing wsciety.
i-akict (2012) examined the Turkish upper pnimary level science textbuoks and
revealed that almost half «if the textual material in the science textbitoks appears to
emphasize sonere as a by of knowledge. Marepver, Lisrsbach & Moore (2008)
ctamined the nature and extent ot Scientifig Literacy (SL) themes coverage in Zambian
national high schaol bipslogy curriculum and arrived to almost identical findings.
Lorsbach and Moore used three data sources, namely, biology textbooks, biology
s¥llabi, and grade rwelve national biology examination papers for a five-year period
(2000-2004). These data sources were analyzed using the framework and procedure
developed by « hiappetta, Fillman, and %ethna (1991). The results showed that the
Biulig s textbooks and ayllibs content objectives emphasized basic knowledge of science
while the biology examination papers and the syllabi objectives emphasized science as a
way it knowing. The interaction between science, technology and #ociety theme was the
least represented in the biology course. The results also suggest lack of curriculum and
instructional vahdity in biology examinations with respect to the four themes of SL.
=everal science textbooks have been analyzed to establish the representation ot the four
themes of L.
Trends ot science textbook analyses often produce similar findings. Abd-El-

Khalick (2002) reported on the image of the nature ot science found in middle-level

cience textbooks that are advocated by educators. He used nature of science themes
advocated by Chiappetta (1998), and specitically those found in Benchmarks for Science
Literacy (AAAS, 1993): empirical nature of scientific knowledge, durability and

tentativenews of scientitic knowledge, replication and confirmation in science, the myth
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of the “*scientific methixd” and the imaginative creatiye X115, theory-laden nature of
«cience, limitatiens isf science, humanity's contributiing t& science versus access to the
scientific entprprise, and the structure of the scientific enterprise.

Abd-E1 Khalick concluded that the fiur books, selected randomly from the
“atumal Saience Lwaghars Association list of award-winning science trade books, were
devoid of anv esplicit reference to impuirtant elements that define the nature of science.
Although these tindings were indirectly related to the themes discussed in the present
study, thew lumsever, retleit the imbalanced wiews often projected in scignce textbooks.
In order for science textbooks to achiexe the purpose for which they are devzloped and
used bx students, they need to be carefully written with the view that the themes outlined
in the present study are taken care of. Students need to be given opportunities not only to
develop scientitic Mmrwledge but also scientitic thinking and how to carry out
Investigations.

Erdogan & Kisteoglu (2012), studied 9™ grade physics, chemistry and biology
curricular that were implemented by the Ministry ot Education in Turkey since the
academic year 2008-2009, in terms of =cientific Literacy themes and the balance of
these themes. They also examine the quality of statements about objectives. They
produced findings that are closely related to the current findings of the present study.
Their analysis of results revealed that the theme the knowledge of science in the
chemistry curriculum and the theme the investigative nature ot science in the physics
and biology curriculums were well emphasized. However, the theme the science as a
way of thinking was not adequately emphasized in each of the three curriculums. The

tindings of this study suggest that other themes should be more emphasized in science
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curriculum to help each wt citizens become Iitelong leamers and have an adequate level
of =cientific Lateracy.

A context related sspedy zondusted by Tairab (2006) with regard i Umited Arab
{imursles science textbooks used m Grade 6 — 4 in Abu Dhabi Cyxle 2 schools prisduced
umilar findings related ti the representation of scientitic knowledge Tairab (2006)
analyzed [ wcle 2 science textbuoks tor how they present scientific knowledge using a
specifically developed framework for characterizing scientific knowledge. The tindings
ulewdedd that the mostly wif the Yurriculum focus across the four grade levels was found to
be on representation ot science as a scientific knowlgdge. science as a way of knowing
was the next dominant theme. The scientific content across the four textbooks was
prescntcid in this waw leaving the other themen to be represented minimally.

L'deani (2013), study results shiswed the opposite of what came in the current

tudy: the four biology textbooks in ™igeria secondary school were showed that most of
the biolugs textbooks stressed science as a body of knowledge and make an attempt to
engage the reader in activities that cause him or her to think, reason and tind out which
1« the theme detined as science as a way of insestigating. All the biology textbooks
emphaunize science as a way of thinking.

Lk alverde et al. (2002) examined data from 630 mathematics and science
textbooks throughout the world that were part of the Third International Mathematics
and Science Study (TIM%}5) curriculum analysis. They used many characteristics to

tudy textbooks, such as (a) physical features (number of pages and graphics), (b)
textbook structure (sequencing content), (c) content presentation (coherence,
tragmentation, and complexity), (d) performance expectations (reading, recall of

information, answering questions, and engaging in hands-on activities), and (e) lessons
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(the text segment devoted tira single main tispic). The findings of the research indicated
that science textbewiks in the 1!nited States cyintain more pages and topics than those in
iither countriex, and also had a larger perzentage of fragmented themes.

Wilkinssn (1999) shiies that “if more emphasis is placed on the investigative
nature of science, science as a way of thinking, and the interaction of science,
technology, and *os 1€ty in [assessment], then we might see a corresponding increase in
emphasis given to these arcas by teachers and textbook authors” (p. 396). This change
may improve students' understandings husw science works, their scientific way of
thinking tor individual and sexial purposes and, finally, contribute to develop
scientitically literate citizens who are ready for the challenges of the 21 century.

5.1.2 Readability of the Science Texthook

Reading science i+ a key to understand science textbooks content, which can be
viewed as having its own language, and, as Piercey (1942) states, "probably the moat
ditficult of all «+f the languages in the upper grade curriculum are those of the various
ciences". In hix study, both Flesch-Kincaid and Fry Graph formulas were used to
evaluate the results ist the readability level over the same science textbooks based upon
rventence length and syllable count used tor sixth grade to ninth grade. Flesch-Kincaid
Readability Formula focuses on the average number of syllables per word and words per
rentence, whereas Fry Readability Graph based on the average number of ayllables and
average number of sentences per 100 words.

According to the Flesch-Kincaid Reading age levels the findings suggested that, 7t
grade showed highest reading insisted that was around three age levels above the reading
ability of the students. As well as. 6™ grade levels more than two age levels reading age

level, whereas, & and 9™ grade respectively indicated that the textbooks were little
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ditticult wor the students arpund one to half age levels higher than the accurate reading
age level. It was cleared that the science textbooks difticult and cismplicated to read and
understand.

The Fry graph was als«r used tt determine the relative difticulty of the
vocabulary or sentence length of the passages. The findings sbtained by Fry method was
above the curve of the graph, it appears that the science textbook has a higher than
average vocabulary difficulty. 6", 7" and 8" grades involved highest reading ability
age levels msist that were around two age level higher than the exact reading age level,
while 9" grade results shurwed that the textbooks were slight ditficult for the students
around vne age levels more. The graph findings suggested that all age reading levels
arpund one to #ne and a half grade level above. This is an important factor that aftects

the readability of the textbook.

The . loze Test was ured in this study to determine the Cloze score intervals
which are representative of the independent, instructional, and frustrational reading
levels and to examine the efticacy of using the ©:loze Teat to measure reading ability in
icience textbook. The Cloze Test results indicated that Poorly progress evidently in all
grade levels showed in the Cloze Test results, which revealed that the highest numbers
of students were mostly at their frustrational reading levels. Whil, the result dropped in
the lowest percentage students at independent level with unassisted reading.

These findings were in line with previous research studies; Yong (2010) attempted
to ankwer the question of "Does the readability ot the texts match with the reading
ability of the students? "The findings of the readability of the textbook Secondary

Science Book I using Gunning, Fry and Flesch-Kincaid formulae, suggested that the
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reading level of 14.2% years which waas far abdve the average age of firade 7 students of
12.3 years old. The textbook used by the students was too advanced and a majority of

them hkely nut be able to cumiturtably read and eawrily understand the texts.

The study ot Hibanda (201%) examined the readability pf twis grades 4 Matural
sciences textbooks currentls used in %aouth African schools achieved by the use of i loze
and traditional comprehension tests, efagsic readability formulae, textual analysis and
teacher mterviews. The major findings it the stuidy were that the two ™atural %ciences
textbooks uked in the study were generally abusve the reading level of the intended
readers, grade 4 leamers and that the participating leamers did not understand these
textbooks. The challenges with the readability of the textbooks stem mainly from the
vocabulary and concepts used in the textbooks, which were not well explained. Also,
Lsexit (2010) stowed that the readability of the 9™ and 11" grade geography books in
Turkes was ¥ery low with reapect to the L'loze Test, n medium strength with respect to
the Flessh-Kincaid test.

El-Masri (2010) outlines an exploratory study mvolving the readability ot the
national Year 12 biology textbook in the Lebanese high school system using both Flesch
and Cloze Texts, and the reading strategies that students employ when reading science
texts. The results showed that the readability of the French version of the textbook was
«lightly higher than that of it« English counterpart according to both Cloze Test results
and the Bormuth criteria as applied to the Flesch scores. Furthermore, Olagoke (2012)
investigated the readability ot basic science and technology textbooks for primary
ichools used in Lkiti State, Migena. Fleach-Kincaid Readability Formula and Cloze Test

were uked to awsess the difticulty index of the Macmillan Basic Science and Technology
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tibr Primary Schusils 4, 5 and 6 wnitten by Ogunmyi, &i. B. and others. The Flesch-
Kincind formula and Eloze Test indicated that only book 4 i+ standard and appropriate
for the target readers while others textborks were slightly difficult and not suitable for
primary 5 and fi pupils. It was recommended among other things that long sentences and
multi-syllables wwirds «it Hiese besrks should be broken down into smaller components
lur easy understanding. authers and publishers isf the books shisuld write more simplitied
text materials that can attract readers to their books and thus enhance the comprehension
level of the readers.

The findings isf Tairab (2006) study showed that the reading age obtained by
Flewh-Kincaid and Fry formulae were almost similar for each textbook. The two
tormulae used suggested that the calculated reading age (1*.2 — 16) was much higher
than the actual age of students in grades 6 — 9 (which #as« in the range of 12 - 15). This
suggests that the Science Focus textbooks suggested for grades 6 — 9 have reading levels
higher than that of students by at least a chronological year, so many of students could
tind 1t difticult to read these textbooks in order to reach acceptable levels of
understanding of concepts presented in these textbooka.

These tindings of this atudy seem not to support recent national educational reforms
itated by curriculum authonties of UAE. At the heart of recent UAE education reforms
1= the goal to develop students with strong problem-solving and analytical abilities and
to equip them with the skills that they need to succeed in their higher education and
future careers (ADEC, 2010). In the absence of such consideration of science as a way
of understanding the world through the application of inquiry abilities and analytical
thinking skills, development of Scientific Literacy as integrated themes such as those

reflecting the L' AE education reform would be greatly aftected. As such leamners’ ability
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tir practice icience as it retlects the nature of acience and scientific inquiry wwuld also be
limited. Students need t be equippssl wath the thols to understand their world o that
they become independent thinkers with the ability to create, inngsate, and support the
evonamic and wstal pragressien of the country (ADEL | 2010). These tools can inly be
developed from practicing setience as scientists do through inductive and deductive
aetivizies and undersimmlines of the role wf evidence in knowledge construction (Bybee &
Mt rae, 2011). Clearly, there i1s a mismatch between students’ reading level and
readability of the s ience textbook. One way teachers can help this group of students y
to rewrite the texts to make them easier and more understandable but comparable in
content without compromising on the science concepts that students need to learn and
grasg

*» both the teachers and the students rely to a large extent on the materials and
content presented in textbooks ax they are specifically written to achieve the stated goals
of the UAE: curriculum, it will be inappropriate according to these findings to assume
that students will benefit from these texthnilkis. The role of language in concept
development was clearly established in the literature and that students need to use
language more as interpretative approach rather than simply use it to memorize concepts
(Sutton, 199%). In this context reading with understanding 1« critical to develop scientific
concepts, and thus, the importance of selecting and using the right textbooks could not

be underestimated.

5.2 Implications for Practice
The results showed that the four themes of SL were disproportionately covered

among the science textbooks. The basic knowledge of science and investigative nature




of science received more coverage in science textbooks. On the other hand. science as a
way of knowing, and investigative nature of science, and the interaction of science,
technology and saciety themes were the least covered themes across the science
textbooks. Consequently, the study highlights the need for paying close attention to how
te deliver high quality and seientifically contents of science textbooks for students that
includes balanced w#¢ws of the four themes of Scientific Literacy and at the same time
within the reading levels of the majority of students.

Based on there findings and those reported in previous studies, and the eftforts of
ADEC"s developers in supporting the advocated science education reform over the years
in the United Arab Emirates, to promote inquiry-based science and updating science
textbooks content, it seems that much is needed to achieve these retorms. The study
suggests that the developers «hould focus more on helping science teachers to use the
reatbooks ar resource to enhance the view ot science as investigative activities and to
learn about the nature of science. Science teachers can gain a great deal by more custom
tailored and informed professional development activities about the content and of
science textbooks, and how to amplity and supplement these thick resources to engage
itudents in learning about science meaningtully. Curriculum developers must expand
science education retform ettorts by beginning with what teachers do and use to help
students use and consequently learn from science textbooks.

Furthermore, the authors ot science teaching materials should be encouraged to
develop curriculum materials which address the four themes of SL in order to promote
full SL among Cycle 2 school students. Textbook authors should be also, well-versed in

the subjects tor which they write and knowledgeable about the context ot use, and write
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a tant that 1 accessible tithe learners. Textbuwsks should not only be challenging but
they shiuld also not frustrate ts students.

A% a consequence, 1t 18 necessary to pay attentisin t apprispriateness of the
textbissks for student levels while writing scienke testbooks and this appropriateness
thould be checked with current teats or those tit be developed. In this context, the
=mliey buoks should be written by authors with a reasonable command of readability
tormulas and a good knowledge it atructure and charaiteristics of UAE. reforms that
emphasize scienceas an inkestigative aztivities as well as an enterprise that impacts the

#liciety.

Furthermore, seeing that the teachers who mediate the textbook information to
the students are important stakeholders, the suggestion that all science teachers should
be trained to evaluate the suitability and reading ability of science textbooks as part of
their teaching responsibilities. Because, where teachers see that the textbooks are beyond
their ptudents’ reading lewelk, they need to devise strategies for mediating the content
and adapting some ot the material and even having the kmuwledge to dispense with those
parts of the texts that will only serve to frustrate the students.

Tauday. textbooks are no longer single entities available to teachers. Fupecially in
areas with large textbook adoptions, there is a wide variety of ancillary materials
marketed with the textbooks. Laboratory manuals, videos, CD-ROMs and other
technology, test preparation materials, test generators, transparencies, and related online
material are just some of the items that publishers package with their textbooks.

Regardless of the other materials that publishers may include with their textbooks, it 14




the textbook itself that 1s a direct and concrete retlection uf hgyw that publisher and
authiir Ehodwe tir represent the nature of acience.

The most impartant issue is giving greater prominence to science technislogy and
voriety in the school sience curriculum. The key aim behind these 15 to ensure the
develpspment of a briid-based werene curriculum, and faermulate the science curriculum
as embedded of the rocii-technology and cultural contexts. This means that students will
engage with ditterent view pmints o sssizes concerning the impact of science and
technology on everyday life. Thes will also underatand the relevance of scientific
discoveriew, rather than just éoncentrate on learning scientific facts and theories that
seemed distant from their realities. Alko, there are a variety of ways in which science,
technolagy and society can be approached in the classroom. This ofters teachers a
degree of tlexibility, not only in the incorporation of science, technology, and society
perspectives into their science teaching, but also in integrating other curricular areas
wch as history, geography, social studies and language.

Findings of the present study suggests that the readability ot science textbooks 1+ an
important factor that affects students’ success and understanding ot the texts, and which
directly has an impact on their performance in science. A# the readability of the science
textbooks 1» found to be 2 years higher than the average age of the students, it 1s very
doubttul that many students will be able to extract essential meanings tfrom these
textbooks. Moreover, many students will also become discouraged by the textbooks,
which they find ditficult to read fluently and understand. As a textbook has been defined
as a book that no gine would read unless they had to by Johnson & Johnson, ( 2009) it 1=

likely that many students will not be motivated to read the science textbook provided.




It 1s apparent that students face twat major barriers when leaming science: the
readability of the textbassk materials; and their reading ability. The main ways in which
teachers can help alleviate these problemes are: teachers should attempt to rewrite the
texts 5o that the notes given to the students will be more readable and comprehensible to
them. The textbooks shituld be written in short sentences and contain less difficult words
and vocabulary. Furthermore, the¥ «hisuld explain the difticult words and viscabulary
luund m the textbook to the students before the lesson wo that the texts will be more
intelligible and meaningtul to them as they attempt to read them. These should be
written on the board #o that students can copy and write them down 1n their note books

liir referenge.

The ability tis read and to understand what 1s written is critical to success in
educational s¥stem. Sloreover, comprehension problems become more apparent when
students are faced with reading science textbook materials. More importantly, the

tudents lacked reading abilities due to the vast amount ot knowledge, the weakness of
acquiring necessary reading strategies, and the absence of a link between scientific
knowledge and actual student life results in reluctance to tace reading challenges.
Teachers who are more eftective at supporting students are able to show improvements
in student leaming in science, making the science real, relevant and rigorous, and
building motizational leamning strategies can help to be more successtul readable

tudents.

“ccording to the Cloze Test, the Fry Graph, and Flesch-Kincaid formula, which

were used to conuider the appropriateness ot textual information in the science textbooks
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tir student age lewel, the science tex tbidsks are seen tis be generally above the targeted

student age level.

This mituation makes 1t necessary to develop alternative approaches tes assessing
readability levels of textbooks. Since must of the applied formulae are developed on the
basis of word and sentence lengths only, they may not adequately and appropriately
retlect the textual s&amsity oif science textbsioks. Furthermore, these alternative
approaches shituld'slko take mto account the words eited in testbooks that are not known

by the students.

These considerations, if implemented may improve students' understanding of
textual informatinn presented in these textbooks, and thus contribute to achievement of
curriculum goals that ultimatels contribute to the development of tcientifically literate
citizens who are ready for the challenges of the 21*" century.

5.3 Recommendations for Future Research

Although the study provided anstvers to the research questions set at the
beginning of this study, together with the limitations inherent in this study, it become
necessary to suggest areas for further research. The need for larger studies with
increased science textbooks and participants seem to be an important task. The data from
more extensive investigations might lead to an increase in statistical significance and
provide a broader generalization of results. Consequently, the helptul ot the tuture
research could lead to enriching the field of analyzing science textbooks within the
tframework Scientific Literacy and readability analyses. Specifically the present study

formulates the following suggestions:
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I. Investigate whether scienge teachers understand shat constitutes a %cientitic
Literacy. It is important ts document science teachers’ understanding of the
scientific Literacy so as to make sure that they communicate scientific

infermation correctly and apprapnately to studenta.

o

Studies on hinw scienge teachers ¢an explicitly highlight the relationship between
science, technology and susiety would lead to a realizatien that science 1% more
than simply seientific knowledge.
= Further research i» needed to study the eftect of unbalanced presentation of
=cientific Literacy in science textbooks on the students' performance particularly
in context where textbooks are used as the only main source of information.
4. © omparative studies should be conducted between ¢ ycle 2 and Cycle 3 science
textbooks in the sequences of topick' subjects and the content of scientitic
Literacy themes to ensure that these textbooks are within the students' reading
abilities.
* Investigate the intfluence of textual difticulty in science textbooks on the students
of different levels of reading achievement.
6. Examine the difterences of reading ability with regard to students’ gender across
the same topics of the science textbooks.
5.4 Summary and Conclusion

The study was designed to investigate the analysi+ grade 6 — 9 science textbooks
(5cience Focus) in relation of Scientitic Literacy and Readability level enrolled in
ADEC schools. The data were presented in three major sections; tirst the tindings
related to analysis the Scientitic Literacy of science textbooks enrolled in grades 6

through 9. which in terms of four themes: (a) rthe knowledge of science, (b) the
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investigative nature of rcience, (c) science as a way of thinking. and (d) the interaction
of science, technology. and society. The results showed that high percentages of content
coverage were based on a theme of the knowledge of science at the beginning of Cycle
2. Hwwever, the results suggested that the representation of the themes were not really
balanced. In these textbooks ®cience as a way of knowing, as investigative activities,
and ar interacting with science, technology minimally represented.

“iecond. the data from readability level ot science textbooks determined by using
two inatruments namely the Flesch-Kincaid Grade Level Readability Formula, and the
Fry Graph. From the tindings, all the textbooks were somewhat complex and far above
the reading ability levels of the intended readers. This suggests that the science
textbooks presented to all the students in Cycle 2 stages are fairly difficult and not
appropriate for them. Finally, data related to the reading levels of students examined
throughout the Cloze Test, which involve three main, indicated the independent level
(the material 1s too eary). the instructional level (the material is about right), and the
tfrustration level from (the material is too difficult). The tindings from the Cloze Test and
readability formulae showed that all books were beyond the reading level ot the Cycle 2
with four difterent science textbooks worse level of students' readability progression.

The recommendation that authors and teachers had the responsibility to improve
the level of science textbooks readability by written science textbooks with a reasonable
command on readability formulas and a good knowledge of structure and characteristics
of UAE society. While the science teachers played main role on achieve students'
reading abilities by using different eftective strategies. On the other hand, it was
necessary to develop new formulas for readability levels of texts. Future research draw

the complete useful image of the study when add more research and investigation upon
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the Scientific Literacy and readability ta help students to be able to face the LIAE future

challenges and have a strasng basic ability to read science testbaoks.
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Appendices

Appendix A: Texts' Topic in Grade (6 - 9):

Grade 6:

§ Pdrper | [ opis DH':-L‘
Matter | Water Sampply 98
PMiysiel World | imtreslsicing friction 113
L.isimg World I Plant piiihwiys 275
Earth & Mpace | The crust 312
Text 1: Water Supply P: OR

You may be surprised to leamn that rainwater 1s a mixture, and is by no means a pure
substance. Rain i1s produced when water evaporates from oceans, lakes and other bodies
of water and even trom plants and soil, because it has been in contact with substances
that dissolve in it, rain water 1s a dilute mixture that must be treated before being
supplied to our homes.

The rain water that we normally drink has passed through an extensive water supply
system. however, and must be treated to ensure it does not contain harmful levels of
chemicals or bacteria. Treatment may involve the dissolving of the following substances
in the supply.

Text 2: Introducing friction P: 113

Friction is a force between two sliding or rolling objects that acts to slow the object
down. A bike will come to a stop if it is not peddled; your school bus will stop if the
driver turns the engine oft. In these two cases the force of friction will be greater than
the force trying to keep the object moving-that is, the unbalanced force will cause the
bike or bus to slow down and eventually stop.

Friction 1s the force caused by the roughness of surfaces and always acts in the opposite
direction to the object’s movement. Some surfaces have a lot of friction because they are
very rough.
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Text 3: Plant pathways P: 273

In plants there are two types of transport tubes, which start in the roots and travel up the
stem to the leawes. The roots anchor the plant and absorb water and nutrients from the
woil. The xylem tubes in the roots carry water and minerals such as phosphorus, nitrogen,
sulfur, calcium, iron and magnesium from the soil. Xylem tubes are made of dead calls
ey thenend with a woody subatance. Unlike an animal, a plant does not have a heart to
pump liquid through it's tubes-instead, pressure in the roots pushes water upwards.
Evaporation through tiny holes in the leaves (called stomata) further assists the flow by
ey water upwards.

Text 4: The crust RS2

The crust s the layer of Earth on which we live. It contains the land and seas. If we were
to dig down into the crust the first thing we would come across is a thin layer of soil and
wand. This is followed by a layer composed mostly ot soil rock. Just like the shell of an
egg. it is brittle and can easily break. On Earth there are 12 major ‘pieces’ or plates. The
crust 1+ thickest under the continents (about 70 km thick) and thinnest under the sea
(about 1'l1 km thick). The crust is extremely thin when compared to the diameter of the

Earth-like a postage stamp stuck on a basketball.



Grade 7:

Chper [Tope [ Fage
Miite | At arc auinly cmpty spave | 76
thyascal Wisld | Carpet stgtas r b2

L Wil ] Listtoacdibing dugestidn [J_:Iltu_
Farill & Sipeiee | The imipontstios o The sin [ 1))

Text 1: Atoms are mainly empty space P: 76

Working with two other scientists, Geiger and Marsden, Emest Rutherford experimented
with firing tiny positively charged particles (called alpha particles) at thin gold foil.
tmazingly. many of the alpha particles went straight through the gold toil, some not
even moving from their path. This suggested to Rutherford that most of an atom was
empty space, allowing the alpha particles to go straight through. Some of the alpha
particles were scatterzd, however, and Ruthertord suggested that this was because they
were repelled by a concentration of positive charges in the center of an atom. In 1911 he
presented his theory of the atom as consisting of a small, dense positively charged
nucleus with negatively charged electrons orbiting the nucleus.

Text 2: Carpetstatic P: 117

“tatic electricity often “zaps~ you after you have walked on a carpet. Walking rubs your
shoes against the carpet sometimes, causing a build-up of charge on your body. Rubber
oles may prevent charge leaving via your feet, so that when you touch another object,
all that excess charge may jump into the object. This causes a spark and gives you a
small electric shock. Change tends to concentrate on sharp corners and spreads out more
over flatter surfaces, so one way of avoiding a shock when touching an object that has
built up change is to first touch it with an open palm instead of a finger. This spreads the
movement of charge and avoids a spark.

Text 3: Introducing digestion  P: 156

Digestion is the process in which nutrients and energy are extracted from the food we
eat. It occurs in a six to seven meter tube called the alimentary canal, digestive tract or
sometimes simply the gut, which runs from the mouth to the anus where waste is
expelled. Along the way, food is broken down into smaller, simpler substances that are
able to pass into the bloodstream and travel to various parts ot our body where they can
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dissolve n the water within the cells. It takes food about 24 hours to pass through the
entire length of the alimentary canal.

Text 4: The importance of the sun  P: 200

The Sun, also known in astronomy as Sol, 1s our nearest star and is currently in ‘middle
age’, being about 4.5 billion years old, with another 4.5 billion years of ‘life’ left.
Astronomers believe that the Sun is a second-generation star formed after a previous star
collapsed, its debris combining with interstellar gas to form the Sun.

The Sun is our source of heat and light energy and so is crucial to the continuation of the
lite on Earth. Plants use energy from the Sun to help them make the food they need for
growth, and in the process make oxygen. Animals that feed on plants, and amimals that
teed on those amimals. also depend on the Sun.
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Grade §:

r hapter | Topic | Page
Matter Electron &hells 170
PhysicaT World | The resistance 1 89
Lising World fnexual reproduction [ 111
Farth & Space | Fossily —5 :'F_32_l

Text 1: Electron shells P: 70

¥lectrons do not orbit just anywhere around the atom, but in shells or energy levels,
which are numbered 1, 2, 3 and 4.

It 1s easy to picture these shells if we imagine a pea as the nucleus of our atom. The pea
site in the middle of a table tennis ball (our first shell). All this sits inside a tennis ball
(second shell). which =its mside a basketball (third shell), which sits inside a beach ball
(fourth shell). Imagine electrons as ants on the outside of each ball. Each ant stays as far
away as possible from the other ants (electrons repel each other because of their negative
charges). Only two ants fit on the first ball (otherwise they would be too close) but more
ant-electrons can tit onto the next three balls because those balls are bigger.

Text 2: The resistance P: 89

Electrons have much more differently getting through the thin tungsten filament of a
light globe than they do getting through the much thicker and highly conductive copper
wire. The electrons give up a lot of energy trying to get through the filament, this energy
being tumed into heat and light. A globe is an example of resistance something that
restricts the tlow of charge and ‘robe’ moving charges of energy. Resistance converts
electrical energy into heat and light energy.

Devices such as electric kettles, toasters, irons, and electric hotplates are all simple
electric circuits that contain a resistance wire made from the metal Nichrome. Nichrome
has much greater resistance than the copper wire used in the rest of the circuit, and so it
heats up when a current passes through it.

Text 3: Asexual reproduction P: 111

Asexual reproduction requires only one individual organism or parent. Although this
might seem strange, it is happening right now within your own body! All body cells
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reproduce n this way, during growth or to repair damage. Many plants reproduce this
way too.

In asexual reproduction, there is no need for two types of sex cells. Instead, new cells are
formed by older ones called parent cells «plitting to make two identical copies, called
daughter cells. Because the new organisam 1« made from cells from only one parent, little
variation 15 introduced into the new organism. Organisms produced this way are
sometimex called clones. L'lones may not always look exactly the same for example, two
cloned tree may look difterent because of the ¢n¥ironment they live in.

Text 4: Fousils P: 321

Paleontologists study fousils to add to our knowledge of Earth’s history. A fossil is
evidence of part of life found in a rock or other material. This evidence may be the
remains of a plant or amimal, or an impression such as a footprint. In rare cases, a
complete animal may be preserved for example, an insect trapped in amber (sap trom a
plant). or a woolly mammoth preserved in tfrozen Siberian soil. Fossils can be created
when the remains of an animal or plant are covered by sediments (dust, sand or mud)
and become part ot the sedimentary rock that is formed. Most remains are crushed or
decay too quickly for them to be preserved. Sometimes, however, they are preserved as
hells or skeletons, as moulds, or as quartz, limestone or even opal ‘models’ of them.
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Grade 9:

Chapter Topic Page
Matter Multiple bonds I 189
Physi&ll Wurld | Nuclear accidents 1288
Living World Behavioral adaptation 293
barth & Space | Birth of a star 316

Text 1: Multiple bonds P: 89

Betore we go any further. it is important that you understand the difterence between
single bond«, double bonds and triple bonds. Some information to help you understand
the bonds:

« A uingle bond is one pair of electrons being shared between two atoms.

* A double bond is two pairs of electrons being shared between two atoms.

= A triple bond is—you guessed it—three pairs ot electrons being shared between two
atoms.

Carbon has atomic number 6, which means it contains six protons and six electrons. It
has two electrons in the first shell, and four electrons in its outer (valence) shell, giving
it an electronic configuration ot 2, 4. Its four valence electrons place it in Group IV of
the Periodic Table. To achieve a stable eight valence electrons, carbon needs to gain four
more electrons. It does so by forming four covalent bonds.

Text 2: Nuclear accidents P: 288

There have been several well documented accidents at nuclear power plants in which
radiation has been released into the environment. The most dramatic occurred at
Chemobyl in the Ukraine (then part of USSR, now an independent country) on 25 April
1986. Automatic safety system were turned ott during a test of reactor number4, to
measure the turbine’s power output as it slowed after its steam supply had been shut oft.
When power levels tell dangerously low, engineers withdrew most ot the control rods.
Fuel rods then heated up and tumed the moderator water into steam. The steam absorbed
fewer neutrons. Causing a power surge that heated the fuel rods even more.

Text 3: Divergent evolution P: 293

The Galapagos Island tinches and the geographically isolated rabbits illustrate the idea
that many new forms can evolve from a single ancestor. This is known as divergent
evolution. The idea is that new environments are inhabited, causing the evolution of new
species. Divergent evolution results in a phenomenon known as adaptive radiation. As
the ancestral organisms adapt and evolve in their different environments, they take on
new forms. The various pent dactyl limbs shown in Figure 8.3.10 in the next unit are an
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example of adaptive radiation. Marsupial ancestors have evolved and radiated into many
ditterent forms, trom tree-dwelling, truit-eating possums to blind, meat-eating
underground moles, and the more tamiliar kangaroos and koalas.

Text 4: Birthotastar P: 316

Stars are born in a dense cloud ot gas and dust found in the spiral arms ot galaxies. The
raw ingredients ot a star are called a nebula. The star actually forms when dense regions
in these clouds collapse under their own gravity. The nebula’s gas and dust come closer
together, forming a protester. As more material 1s packed nto the protester, the center
gets hotter and hotter until conditions are suitable tor nuclear reactions to begin. In these
reactions, atoms ot hydrogen are fused together to form helium, with vast amounts of
heat and light energy given out. At this stage, a main sequence star, like our Sun, is
tormed.



Appendix B: Cloze Test for Grade (6 - 9):

farade 6: Test on understanding of Biodiversity

Instruction:

Ilssse complete the sentences below by inserting the missing words in the space
provided. This test does not require you to memorize certain words. It rather assesses
your undsrstanding of the sentences below. Your performance in this test does not aftfect

your performance in science and your school grades.

Time: 15 min

First:
Please fill in the following information:
Student Name: ... . : Grade level: 6
Age: years Gender : Male [] Female [
Second:
Please complete the sentences below:
Biodiversity refers to the number of ditterent species present in a community.
Communities with high biodiversity, there are many difterent
of plants and anmimals together, survive environmental
change than communities with low , where there are few.
are usually many difterent of food in a community
high biodiversity: there are it one tood source
destroyed. The community is more and s able to
changes in the environment more
In the herbivores in community on one particular plant for

all of their needs, and then there is determined by the fate
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that plant. If the plant to be wiped out
disease then the herbivores would wiped out too. In , the
camivores that ate them be wiped out. If, the other hand,
the herbivores have a of plants to choose . they can
probably survive the of one particular species. have
reduces the biodiversity of ecosystems by removing the natural

and replacing it with specific type of plant,

example wheat. As a result, many species are now extinct.
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Grade 7: Test on understanding of People and Erosion

Instruction:

Please complete the sentences below by inserting the mimsing words in the space
pritvided. Thix test does not require you to memorize certain words. It rather assesses
your understanding of the sentences below. Your pertormance in this test does not affect

yitur performance in science and your school grades.

Time: 15 min

First:

Please fill in the following information:
Student Mame: .. . Grade level: 7
Age: years Gender:[] Male [] Female
Second:

Please complete the sentences below:

science has produced many inventions. These need to be and
fuelled. often from found in the Earth’s crust. _have
changed the surface of the dramatically, particularly in the
200 years since the Industrial . We have physically broken
down by mining them, using explosives, and by the earth
mith roads, houses cities.
Exhaust gases from and factories have added _ _gases to the
air. These slowly chemically weather away on
mountainsides and the rock for city buildings. Building
roads, and their cuttings, and piers in the sea, ploughing

on farms all how water and wind . Without careful
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planning, these can increase the amount of and sand that ig
away. The roots of trees plant cover help to
o1l bound together and it less likely to

eroded. Drought, overgrazing and forest clearing can remove grass and plant cover,

allowing the wind and water to remove the soil.
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Grade 8: Test on understanding of Moving Volcanoey

Instruction:

Please complete the sentences belisw by inserting the missing words in the space
privided. This test does not require you to memorize certain words. It rather assesses
vour understanding ot the sentences below. Your performance in this test does not atfect

yuur performance in science and your school grades.

Time: 15 min

First:

Please fill in the following information:
Student Name: Grade level: 8
Age: years Gender:[_] Male (] Female
Second:

Please complete the sentences below:

Volcanoes are usually located at the weak edges of tectonic plates. Some are

nowhere near an , however: these volcanoes are over hot
spots or . Although there 1s no weakness in the plate above
. the magma has so much that it can force
way through. The islands of lie 3200 km trom the plate
boundary. Underwater volcanoes over a hot spot, eventually
- above tealevelto islands. All are ditferent
. In the west 1s Kauai, the at 5.5 million years. The

is the *big island’ of itselt, which began building
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years ago and 1s being extended by lava

trom the continually erupting Mt Kilauea.

- the hot spot never changes , the plate above does, carrying
the to the west. Hawaii 1s over the hot spot now
will eventually move on, . An underwater volcano called

Lothi s already forming east of Hawan and will become the newest island in the chain.
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GradeY: Test on understanding of Selection of Peppered Moth(s)

lmstruction:

Please complete the sentences below by inserting the missing words in the space
provided. This test does not require you to memorize certain words. It rather assesses
your understanding of the sentences below. Your performance in this test does not affect

your performance in science and your school grades.

Time: 15 min

First:

Please fill in the following information:

Student Name:. — NSNS - Grade level: 9
Age: years Gender: [] Male []Female
Second:

Please complete the sentences below:

Over the past 150 years, dramatic changes have been seen in the population of
peppered moths in England. In the Mid-1800s, scientists that populations
ot the peppered . Bistonbetularia, were changing tfrom
light-colored (typical) to dark-colored torms (carbonaria). The
= occurred during the Industrial Revolution, coal-buming
tactories produced a ot pollution in the form soot.
When on the “oot- trees, the light-colored form the moth
was easily seen birds, their main predator. The -colored is
an inherited . Hence, more dark-colored survived to

produce dark- oftspring.
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i tter clean-air were implemented, lichen began
re-grow on tree trunks the trees returned to their paler
coloring. Moth populations many of these areas shifted
back towards the light- forms. ®atural selection seems to have taken the

moths from light to dark and back to light again.
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Atter clean-air were implemented, lichen began
re-grow on tree trunks the trees returned to their paler
coloring. Moth populations many of these areas shifted
back towards the light- torms. Natural selection seems to have taken the

moths trom light to dark and back to light again.



