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The purpose of this study was to evaluate a typical Chinese high school biology textbook
using the textbook standards of the American Association for the Advancement of
Science (AAAS). The data were composed of three chapters selected from the textbook.
Each chapter was analyzed and rated using the AAAS textbook standards. Pearson
correlations between the chapter ratings and the AAAS textbook standards were
calculated. Results showed that the chapters meet most of the AAAS standards. This
paper discussed the weaknesses and strengths of the textbook chapters based on the
criteria. In general, the Chinese textbook was found satisfactory; however, there is still
room for improvement. The study provides valuable insights and suggestions for

improving the textbook.
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INTRODUCTION

For over half a century, textbooks have played a
decisive role in teaching and learning activities. In
today’s classrooms, textbooks serve as primary teaching
instruments (e.g., tool, tutor, guidebook and gauge)
(Kulm, Roseman, & Treistman, 1999). “At all levels of
schooling textbooks are often used as the primary
organizer of the subject matter that students are
expected to master and provide detailed explanations of
topics to be taught” (Chiappetta & Fillman, 2007, p.
1847). Textbooks greatly influence how knowledge is
delivered and communicated (Association  for
Supervision and Curriculum Development, 1997). With
the development of the society, a majority of teachers
use textbooks to guide their instruction (St. John, 2001).
Around the world, teachers often use textbooks as their
principal curriculum and source of lessons. They
consider textbooks as manuals of instruction or
standard books in any branch of study. Research shows
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that it is common to use textbooks in teaching biology
(Kuechle, 1995).

Literature Review

Within biology education, studies that analyze the
textbooks are often found in national and international
literature. In Turkey, biology textbooks are widely used
in school. Cobanoglu, Sahin and Karakaya (2009) write:
“Textbooks are used for various reasons like reference
sources and assignments as well” (p. 2505). In China,
biology textbooks are the embodiment of the teaching
reform and teaching research results (Wang, 2000).
Chinese high school biology textbooks have an
enormous influence on what is taught in high school
biology classes and how it is taught (Lu & Liu, 2012).

Research on biology textbooks is especially
significant in developed countries. In the USA,
Roseman, Stern, and Koppal (2010) studied a method
for analyzing the coherence of high school biology
textbooks. “This work represents an important first step
in meeting the need for methods to measure,
characterize, and ultimately to improve textbook
coherence” (p. 47). Chiappetta and Fillman (2007)
analyzed five high school biology textbooks used in the
USA for inclusion of the nature of science. They point
out, “High school biology textbooks have played a

Copyright © 2013 by iSER, International Society of Educational Research
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State of the literature

e Textbook standards play a more and more
important tole in textbook compilation and
evaluation.

e In comparative studies of different national
textbook standards, Chinese curticulum standards
have been found to be different from textbook
standards of Western countties.

e The studies evaluated how well Chinese textbooks
align with the AAAS textbook standards are rarely
reported as relative work has been implemented in
many other countries around the word.

Contribution of this paper to the literature

e This study focused mainly on analyzing a typical
Chinese high school biology textbook using the
AAAS textbook standards and finding out the
weaknesses and strengths of the textbook.

e The findings of this study contribute to the
implementation of the curriculum reform in China
and improvement of Chinese teaching materials.

e The current study provides some valuable insights
and suggestions for improving the Chinese biology
textbook.

critical role in science education because most students
enroll in this course and use the adopted textbook that
is a central component of the curriculum” (p. 1848). In
addition, Kesidou and Roseman (2002) examined nine
middle school science textbook programs from a
curricular perspective based, in part, on Project 2061.
They propose that “New middle school science
textbook programs that reflect the findings from
learning research are needed to support teachers better
in helping students learn key ideas in science” (p. 522).
These studies can provide valuable experience and
reference for other scholars.

Project 2061

Project 2061 is sponsored by AAAS. It is an AAAS
long-term science education reform initiative to help all
Americans have knowledge and skills in science,
mathematics, and technology (Kulm, Roseman, &
Treistman, 1999). Project 2061 supports an evaluation
of textbooks for their match to benchmarks and
standards. It provides a coherent set of K-12 learning
goals that can be used in selecting and creating
instructional materials. “The Project 2061 curriculum-
analysis criteria are intended to address features of
curriculum materials that are most important for
teaching and learning for the large majority of students
and teachers” (Kesidou & Roseman, 2002, p. 540). It
reveals how well a textbook can support teachers in
their efforts to help students learn specific ideas and
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skills under the nationally accepted standards and
benchmarks (Kulm, Roseman, & Treistman, 1999). “In
essence, the Project 2061 evaluation procedure
examines how well a material’s content aligns with each
key idea selected and how well the instructional
strategies in the student text and the teacher’s guide can
support students’ learning of this content” (Stern &
Roseman, 2004, p. 543).

Differences and Similarities between the AAAS
and Chinese Textbook Standards

Chinese Ordinary High School Biology Curticulum
Standards (hereinafter referred to as
standards’) were promulgated by the Ministry of
Education of the People’s Republic of China in 2003
and put into use in the autumn of 2004 (Lu & Liu,
2012). Due to different cultures, the AAAS textbook
standards and Chinese curriculum standards are quite
different. The main differences between them are
summarized in Table 1.

The AAAS textbook standards have indicators, but
not have topics and activities. Each criterion of the
standards is clarified by a brief explanation, a set of
indicators, and a scoring scheme (e.g., excellent,
satisfactory and poor), which can be used to judge how
well the curricullum material meets the textbook
standards. The AAAS textbook standards provide
guidelines instead of specific textbook content. The
standards do not include course objectives and textbook
chapters. American textbooks are produced according
to the demands of educational institutions. The
textbook topics are organized by textbook publishers.
The AAAS textbook standards lay out some principles
for effective learning and teaching without biological
specialized vocabulary and dense detail. The standards
give priority to students. Most of the AAAS textbook
standard indicators are closely related to the interests of
students.

However, Chinese curriculum standards have topics
and activities, but not have indicators. The standards
include course objectives, content standards, and
implementation suggestions. The Chinese curriculum
standards look like a map to show how the textbooks
organized. Chinese textbooks extremely focus on the
standards. They are written based on the standards.
Chinese textbooks match the standards very well. The
standards articulate and connect fundamental ideas in
biological science, including biological terms and
detailed content material (e.g., experiments, activities,
and examples). The standards give priority to the
relationship between biology science, technology, and
society. Chinese curriculum standards encourage
students to understand the relationship between science,
technology and society, as well as the relationship
between human and nature.

‘curriculum

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336



Analysis of a Typical Chinese Biology Textbook

Table 1. Differences between the AAAS textbook standards and Chinese curriculum standards

AAAS textbook standards:

Chinese curriculum standards:

e have indicators, but not have topics and activities.

e do not include course objectives and textbook
chapters.

e provide guidelines instead of specific textbook
content. American textbook topics are organized by
textbook publishers.

e lay out some principles for effective learning and
teaching without biological specialized vocabulary
and dense detail.

e give priority to students.

e have topics and activities, but not have indicators.

e include course objectives, content standards and
implementation suggestions.

e ook like a map to show how the textbook organized.
Chinese textbooks very focus on the standards. They
match the standards very well.

e articulate and connect fundamental ideas in biological
science, including biological terms and detailed content
material.

e give priority to the relationship between biology science,
technology and society.

Table 2. Key ideas used for high school biology textbook evaluation

AAAS content

Chinese content

Cell Structure and Function

Matter and Energy Transformations
Molecular Basis of Heredity
Natural Selection and Evolution

Molecules and Cells

Genetics and Evolution

Steady State and Environment
Biotechnology Practice

Biological Science and Society
Modern Biological Technology Project

Key ideas used for biology textbook evaluation are
different. According to the AAAS Project 2061, key
science ideas used in evaluating high school biology
textbook content alignment include Cell Structure and
Function, Matter and Energy Transformations,
Molecular Basis of Heredity, and Natural Selection and
Evolution (AAAS, 1989; AAAS, 1993; National
Research Council, 1996). However, Chinese content
standards include three compulsory modules: Molecules
and Cells, Genetics and Evolution, Steady State and
Environment, and  three elective modules:
Biotechnology Practice, Biological Science and Society,
Modern Biological Technology Project (Ministry of
Education of the People’s Republic of China, 2003) (see
Table 2).

There are similarities between the AAAS textbook
standards and Chinese curticulum standards. Both of
them can be used as textbook evaluation criteria. The
AAAS and Chinese textbook standards aim to improve
the quality of teaching materials and enhance students’
biological science literacy. They are close to real life and
respect for the needs of the development of student
diversity. They advocate inquiry-based learning and pay
attention to cultivating students’ innovative spirit and
practical ability.

Purpose

The purpose of this study was to analyze a typical
Chinese high school biology textbook using the AAAS
textbook standards. This study is beneficial to the
improvement of the typical Chinese biology textbook.

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336

On the one hand, different cultural backgrounds
effectively promote the cultural communication. On the
other hand, knowing the alignment between educational
material and textbook standards are good to monitor
the implementation and effects of education reform.
Chinese textbooks have not been evaluated using the
AAAS textbook standards. However, such an evaluation
can provide insights and suggestions for improving
Chinese high school biology textbooks. For this
purpose, the research asked how a typical Chinese high
school biology textbook rates using the AAAS textbook
standards. This study focused mainly on analyzing how
well the Chinese biology textbook aligns with the AAAS
textbook standards and finding out where the
weaknesses and strengths of the textbook are.

METHOD

The current study was composed of two steps.
Firstly, the document analysis of the Chinese ordinary
high school biology curriculum standard experiment
textbook published by people’s education press was
conducted. In doing so, the textbook was attentively
read. Secondly, one by one careful examination was
conducted. Each biology compulsory module was
examined to evaluate whether the selected chapter
meets the indicators of the AAAS textbook standards.

The Sample

At present, under the Ordinary High School Biology
Curriculum Standards, there are five approved Chinese
high school biology textbook versions (Lu & Liu, 2012)
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that have minor differences, and each textbook is
associated with a nationally approved summative
examination. The five biology textbook versions are all
written in strict accordance with the Chinese curriculum
standards. Provinces choose among these textbook
versions the textbook that is associated with the biology
exam that the province has chosen to use. The five
versions ate as follows:

Zhu, Z., & Zhao, Z. (2004). Biology: Ordinary high
school - curricnlum  standard  experiment  fexthook. Beijing,
China: People’s Education Press.

Zhang, S. (2004). Biology: Ordinary high school curriculum
standard experiment textbook. Beijing, China: Sinomap
Press.

Wang, Z. (2004). Biology: Ordinary high school curriculum
standard experiment textbook. Nanjing, China: Jiangsu
Education Press.

Liu, Z. (2004). Biology: Ordinary high school curricutum
Standard experiment textbook. Shijiazhuang, China: Hebei
Children Press.

Liu, X., & Liu, E. (2004). Biology: Ordinary high schoo!
curriculum standard experiment fextbook. Hangzhou, China:
Zhejiang Science and Technology Press.

This study chose to use the Zhu & Zhao version
given that this is the most widely used biology textbook
version in China. Most provinces of China take the
textbook as the appointed teaching material of the
college entrance examination. Furthermore, Lu and Liu
(2012) argue that the Zhu & Zhao version is the version
most consistent with the Ordinary High School Biology
Curriculum  Standards. This textbook is actually
composed of six smaller books (or sub-books) for each
of the six content areas shown in Table 2. Specifically,
this study focused on the three sub-books most closely
related to the national examination. From each sub-
book, a chapter similar in content to the AAAS
standards (Table 2) was chosen:

Sub-book One (Zhu & Zhao, 2004a): Chapter four,
Substances Input and Output of Cells.

Sub-book Two (Zhu & Zhao, 2004b): Chapter six,
From the Cross Breeding to Genetic Engineering.

Sub-book Three (Zhu & Zhao, 2004c): Chapter
three, The Hormonal Regulation of Plants.

Analytical Criterion

These chapters were evaluated using the AAAS
textbook standards (1993), composed of seven
categories: (a) providing a sense of purpose, (b) taking
account of student ideas, (c) engaging students with
relevant phenomena, (d) developing and using scientific
ideas, (e) promoting students’ thinking about
phenomena, experiences, and knowledge, (f) assessing
progress, (g) enhancing the science learning
environment (AAAS, 1993). Each of the seven
categories has a set of indicators. In this study, the three
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sub-books were evaluated using the seven categories
and their indicators.

Data Analysis

The research data were processed using SPSS 16.0
(Statistical Product and Service Solutions) statistical
software. The data were interpreted considering
frequency (f) and percentage (%). Correlations between
the three biology compulsory modules and criteria were
analyzed by Pearson Correlation Analyze.

RESULTS AND DISCUSSION

The data sources of this study were three biology
compulsory modules of the ordinary high school
biology textbook published by people’s education press.
Three chapters were analyzed based on the AAAS
textbook standards. Each indicator of meeting the
criteria was answered by “yes” or “no” and explained
carefully. Analytical data extracted from the three sub-
books are shown in Table 3.

Content Analysis

In this study, some indicators were met by three
chapters (0=no problem). But some indicators were not
met by one chapter (1=unique problem). Some
indicators were not met by two chapters (2=less
problems). Some indicators were not met by three
chapters (3=common problems). The specific indicators
are shown in Table 4. In this study, 21.6% of the
indicators are common problems; 14.9% of the
indicators are less problems; 21.6% of the indicators are
unique problem; 41.9% of the indicators are no problem
(see Table 4). The Zhu & Zhao version textbook meets
most of the AAAS textbook standards. However, there
are some problems within the three chapters. The
specific problems are generalized below.

The weaknesses of the textbook. The Chinese
ordinary high school biology textbook does not include
a sufficient number and variety of phenomena relevant
to the set of key ideas. Central concepts in the textbook
are not covered in enough depth to give students a
chance to truly understand them. Even though each
chapter includes some experiment activities, students
are given little guidance in interpreting the results in
terms of the scientific concepts to be learned. Clear and
specific objectives are necessary for science literacy
(AAAS, 1993). However, chapter objectives of the
textbook are not expressed in a way that Iis
comprehensible to students. In some chapters, the
stated purpose is presented in the form of a problem.
The problem is not interesting to all students. Some
students really like the problem and knows that the
knowledge is important to the world, but most students
must learn the knowledge just for taking exams, going

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336
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to universities, and preparing for their future work. The
textbook really provides opportunities for students to
think about and discuss some questions. However,
usually only a small proportion of students discuss these
questions in class, which is made up of forty to sixty
people. The number of students in a class can
potentially affect the students’ learning in many
different ways (Ehrenberg, Brewer, Gamoran, &
Willms, 2001). “Large class size is a result of limited
classroom space and the broad range of students’
learning abilities intensified the struggle to reach each
student” (Robertson & Jones, 2013, p. 1476). Therefore,
it is a struggle for the textbook to provide suggestions to
encourage each student to express, clarify, justify, and
represent ideas.

Furthermore, the significant deficiency of the
textbook is that it does not provide specific suggestions
for teachers about how to interpret student responses,
modify activities for students with special needs, and
provide explicit feedback to students. New and

Table 3. Analytical data extracted from three sub-books

inexperienced teachers rely almost entirely on textbooks
for teaching (Tyson, 1997). Cobanoglu et al. (2009)
point out, “Those textbook-oriented teachers are very
dependent on the content of the textbooks; that they do
not focus on topics like Science-Technology-Society,
personal needs and career sensitivity and that they do
not spend time on any of these topics” (p. 2505).
Teachers are the ultimate deciders of what is taught.
“No one would be surprised by the statement that
students are more likely to learn the content that they
are taught” (Porter, 2002, p. 3). Teacher feedback has a
great influence on students’ achievements (Hattie,
1993). However, the textbook has no texts that directly
provide students with feedback. There are no
sufficiently detailed answers to questions in the student
book for teachers to understand and interpret various
student responses. It is difficult for teachers to check
students’ learning progress in class. Although the
textbook  consistently  carries the expected
performance and the performance is step by step, it

out

Category The number of indicators

Sub-book One Sub-book T'wo Sub-book Three

(Chapter 4) (Chapter 6) (Chapter 3)
Yes No Yes No Yes No
a 13 10 3 5 8 9 4
b 15 10 5 10 5 12 3
c 5 4 1 2 3 2 3
d 13 9 4 8 5 8 5
e 11 7 4 6 5 7 4
f 7 6 1 5 2 4 3
g 10 4 6 3 7 5 5
Table 4. Distribution of the indicators within three sub-books
Category Specific Indicators f %
0 1.1.5,1.1.6,1.2.1,1.2.5,2.1.1, 2.1.2,2.1.5, 2.2.2,2.3.1, 2.3.3,2.4.1, 242, 3.2.2, 411,421, 31 419
4.23,43.1,44.2,44.3,5.1.1,5.1.5,5.2.1,5.2.2,5.2.3,5.3.2, 6.1.1,6.2.1, 6.2.2,7.1.3, 7.2.2,
7.3.1
1 1.1.1,1.1.2,1.24,1.3.1,1.3.2,2.1.3,2.1.4,2.3.4,3.1.1,3.2.1,4.1.2,4.2.2, 43.2,53.1,6.1.2, 16 21.6
6.3.1
2 1.2.2,1.2.3,2.2.1,2.3.2,3.1.2,4.3.3,6.3.2,63.3,7.1.1,7.3.3,7.3.5 11 149
3 1.1.3,1.1.4,2.3.5,2.4.3,3.2.3,4.3.4,4.4.1,44.4,51.2,51.3,5.1.4,53.3,7.1.2,7.21,7.3.2, 16 21.6

7.3.4

Note: 0=no problem; 1=unique problen; 2=less problems; 3=common problems.

Table 5. Correlations between the chapter ratings and the AAAS textbook standards

The AAAS textbook Sub-book One

Sub-book Two  Sub-book Three

standards (Chapter 4) (Chapter 6) (Chapter 3)
The AAAS textbook standards 1
Sub-book One (Chapter 4) .853" 1
Sub-book Two (Chapter 6) 811~ 8207 1
Sub-book Three (Chapter 3) .968* .901* .867* 1
Note: *p < .05, **p <.01.
© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336 333
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Figure 1. Results of meeting the AAAS textbook standards

does not provide running commentaries that point to
particular aspects of the demonstration and criteria for
judging the quality of a performance. The teaching
material associates with the final objective of the
national university entrance exam. It is impossible for
the textbook to avoid dogmatism. If educators think
about these problems, the quality of the typical Chinese
high school biology textbook will be improved.

The strengths of the textbook. The strengths of the
Chinese ordinary high school biology textbook are
obvious. Representation of the textbook is accurate and
concise. Many pictures and diagrams are embedded in
the text. Students can easily understand some
experimental phenomena. There is no language or
stereotypes that might be offensive to a particular
group. Most lessons of the textbook are consistent with
the stated purpose and those that are not explicitly
labeled as digressions. These lessons meet the objectives
of the chapter. There is a brief summary part at the end
of each chapter. The lessons and discussions are
wrapped up in this part. Students are able to learn the
main knowledge points and master the objectives very
well. Every chapter prompts teachers to convey the
putpose of the activity to students. For example,
teachers are encouraged to introduce a series of
experiments to students in order to demonstrate the
discovery process of auxin on page 47 of biology
compulsory three (Zhu & Zhao, 2004). Biology teachers
are required to have a solid grounding in the content
they teach and an understanding of how diverse
students can be helped to learn (AAAS, 1993). The
textbook not only engages students in thinking about
what they have learned and what they need to learn next
at the beginning of each chapter, but also alerts teachers
to specific prerequisite ideas rather than stating

334

prerequisite topics or terms. Each chapter of the
textbook specifies the prerequisite knowledge and skills
that are necessary to learn the following key ideas. The
textbook provides instructional support for connections
between ideas treated in a particular unit and their
prerequisites even if the prerequisites are addressed
elsewhere.

In addition, the textbook explicitly addresses
commonly held ideas and clarifies these commonly held
ideas in detail, rather than just listing them. For instance,
chapter six of biology compulsory two illustrates the
safety of genetically modified organisms and foods very
cleatly on page 105 (Zhu & Zhao, 2004). The textbook
provides students with vivid first-hand experiences.
Every chapter of the textbook provides a sequence of
questions, activities, or novel tasks in which the
complexity is progressively increased. These questions,
activities, or tasks have helpful characteristics. They can
be used to help teachers to identify students’ ideas and
prompt students to contrast commonly initial ideas with
the scientifically correct ideas. Brandwein (1981)
indicated that scientific terms in textbooks play an
important role in the subject teaching. The technical
terms of this textbook are accurately represented and
explicitly linked to relevant experiences. Most students
are able to understand the relationship between
scientific ideas and the phenomena that they can
explain. For example, apical dominance of plants is
linked to the physiological functions of auxin in chapter
three of biology compulsory three (Zhu & Zhao, 2004).
In the text, picture and its accompanying interpretation
are both excellent. Students can understand scientific
ideas very well.

What’s more, the textbook provides examples of
classroom interactions (e.g., dialogue boxes, vignettes,

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336
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or video clips) that illustrate appropriate ways to
respond to students’ questions or ideas. These examples
are good to classroom instruction. Research has
reported that 90% of all science teachers use textbooks
for classroom instruction (Weiss, Nelson, Boyd, &
Hudson, 1989). There is a self-test part at the end of
each chapter. These assessment items include both
familiar and novel tasks and focus on understanding of
key ideas. Students’ errors can be diagnosed through
these assessment items. Their ideas can be further
developed under the guidance of teachers.

In view of the above analysis, we derive the fact that
the textbook is satisfactory. Figure 1 shows how well
the three sub-books meet the AAAS textbook
standards. It reveals that sub-book one and three meet
the AAAS textbook standards very well. The three sub-
books meet the second category standard best, but meet
the third category standard worst (see Figure 1).

Correlation Analysis

Correlations between the chapter ratings and the
AAAS textbook standards were analyzed based on the
results of meeting the criteria. The data were analyzed
by SPSS16.0 program. Pearson correlation coefficient is
used to determine close degree of their relations. The
values of correlation coefficient are reported in Table 5.
The three chapters and the AAAS textbook standards
have significant correlations (n=7, p < .05). There is a
highly significant correlation between sub-book one and
sub-book three (n=7, p < .01, r=.901). There is a highly
significant correlation between sub-book three and the
criteria (n=7, p < .01, r= .968) (see Table 5). The results
show that the Zhu & Zhao version textbook meets the
AAAS textbook standards. Sub-book three aligns with
the AAAS textbook standards very well.

CONCLUSIONS

This study revealed that the Zhu & Zhao version
textbook meets most of the AAAS textbook standards.
The typical Chinese high school biology textbook is
satisfactory. 'The Chinese biology textbook is
characterized by well-selected material and accurate
representation. However, the significant deficiency of
the textbook is that it does not provide specific
suggestions for teachers about how to interpret student
responses, modify activities for students with special
needs, and provide explicit feedback to students.
Correlation analysis showed that the three chapters and
AAAS textbook standards have significant correlations.
Sub-book three aligns with the AAAS textbook
standards very well. The study helps education
researchers to carry out the quality-oriented education.
It can not only promote the cultural communication
between different countries, but also encourage
domestic and abroad scholars’ academic exchanges. In a

© 2013 iSER, Ewrasia |. Math. Sci. Tech. Ed., 9(4), 329-336

sense, this paper will improve the Chinese high school
biology education system and put forward constructive
suggestions for the implementation of the high school
curriculum standards. Knowing the alignment between
the typical Chinese biology textbook and the AAAS
textbook standards can be beneficial to the
improvement of Chinese high school biology textbooks.

Recommendations

Chinese high school biology textbooks are major
curricular resources that provide the subject matter
content for what is taught in biology classrooms and
how the content is taught. They embody the learning
content and requirements of the Chinese curriculum
standards. To make good use of the Chinese high
school biology textbook, educators should take into
account the problems existing in the textbook. A good
curriculum material can be a powerful driving force for
improving teaching and learning (Ball & Cohen, 1996).
“Today, textbooks are no longer single entities available
to teachers” (Chiappetta & Fillman, 2007, p. 1864).
There is no doubt that good texts of a textbook can
provide students with a framework for developing an
understanding of the nature of science theory.
Therefore, it is necessary for the Chinese high school
biology textbook to provide the right content and
instructional support. In the education process, the
central role of the Chinese biology textbook should
prevent the effective science education from reaching to
the target demanded level. Of course, it will be
beneficial to the textbook that the texts of the textbook
cover the key ideas that students need for literacy in the
biological field and provide research-based instructional
strategies that teachers can use to help students learn
those ideas.
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	INTRODUCTION
	The words, “outsourcing” or “H1B visa quota” or “call centers” and the image associated with these usually include individuals from countries such as China, India, South Korea and to a lesser extent from the Middle East. New industrial countries such...
	Research suggests that several factors affect students’ choice of pursuing a science career such as student interests in and attitudes toward science, social environment , experiences in science classroom, and gender (Aschbacher, Li, & Roth, 2010; Ha...
	In this regard, this study compared students’ perceptions of doing science and scientists reflected in their responses to a modified version of Draw-A-Scientist Test (DAST) across five different countries, i.e., China, India, South Korea, Turkey, and ...
	REVIEW OF LITERATURE
	Background research about the Draw-A-Scientist-Test (DAST)
	Research into children’s perceptions of science and scientists commenced well over 50 years ago. The seminal work by Mead & Metraux (1957) systematically described how students viewed scientists. Thirty five thousand American high school students part...
	Stereotypes are blanket beliefs and expectations about members of certain groups that present an oversimplified opinion or prejudiced attitude.  They go beyond necessary and useful categorizations and generalizations in that they are typically negativ...
	State of the literature
	 Common stereotypic perceptions about scientists are prevalent among students in different countries.
	 Statistical analysis revealed no difference among males and females with regards to scientist stereotypes.
	 Early research suggested females expressed more negative attitudes towards science than males that contributed to the lack of women in science fields.
	Contribution of this paper to the literature
	 This paper provides an extensive literature review on the Draw-A-Scientist-Test and students’ perceptions of scientists and doing science.
	 Data was collected and analyzed from five different countries contributing to the knowledge base where there is a paucity of research set in an international arena.
	 Results indicated having a strong stereotypic image about scientists did not impact the student’s choice to pursue science or a science related career.
	In 1983, Chambers developed the Draw-a- Scientist- Test (DAST) patterned after the Draw-A-Man-Test (Goodenough, 1926; Harris, 1963). The students’ drawings were assessed for seven predetermined indicators of the “standard image” of the scientist from ...
	However, some researchers have raised questions about the use of DAST as a means to understand student perceptions of scientists. Jarvis and Rennie (1995) argued that the use of drawings alone to understand student perception was problematic. They opi...
	To provide a reliable and efficient format for analyzing students' drawings, Finson, Beaver, and Cramond (1995) developed the Draw-A-Scientist Checklist (DAST-C).  The checklist consisting of 15 items was advantageous, lending itself to comparative da...
	Synopsis of international studies using DAST
	While several research studies have been conducted in US regarding children’s perceptions of scientists, there is a paucity of such data in the international arena. Chambers (1983) conducted a study of images of scientists in the People's Republic of ...
	Fung (2002) administered the DAST to 675 Hong Kong Chinese students comparing primary and secondary school student’s images. She reported that students developed more stereotypical images with age and that the scientists drawn were predominantly mascu...
	Buldu (2006) described a study in Turkey when DAST was administered to children ages 5-8 years. None of the 24 boys drew female scientists and 5 of 13 girls drew female scientists. Sjøberg (2002) investigated students’ experiences and interests relati...
	Gardner (1980) suggested that the cultural models students are exposed to significantly impact their mental schema the results of which are exhibited in drawings arising from those schemas. Various cultural factors are responsible for the formation of...
	Students’ Attitudes toward Science & Their Career Choices
	Research shows that students’ attitudes towards science are related to their choice to pursue a science career. According to Hammrich, (1997), individuals with negative perceptions of science or scientists are unlikely to choose science courses or pur...
	In a nationwide study in US, Tai and his colleagues (2006) investigated whether 8th grade students who reported they expected to enter a science-related career by age 30 obtained baccalaureate degrees in science-related fields at higher rates than stu...
	Earlier studies suggested that female students express more negative attitudes toward science than male students (Catsambis, 1995; Willson, 1983). This gender related difference in attitudes was considered to contribute to the lack of women in science...
	Research Context
	The participant countries other than US were selected because they are rapidly developing industrialized countries with an escalation in migration of personnel in STEM areas to US. Further, the ease of data collection by the authors who hail from the ...
	How science is taught in participating countries
	Table 1 summarizes details about science teaching at the schools from which data was collected in the five participating countries. In India, science is taught at all grade levels starting with General Science and Environmental Studies at the elementa...
	In Turkey, in 3rd grade there is no specific science course, however some broader or cross cutting science concepts such as change, interaction, cause-effect relationship, similarities and variation in nature, and interdependence of organisms are brie...
	In South Korea, science is taught 3 times per a week at the 3rd and 7th grade level. Science for both the 3rd and 7th grade is taught as an integrated science (not taught as separate disciplines such as biology, earth science, chemistry, and physics)....
	In China, science is taught as Natural Science at the elementary level from grade 3, but it is not tested on as a requirement to enter middle schools, hence students are able to spend more time in the laboratory performing experiments. At the middle s...
	METHODS
	Participants
	Participants included 1,800 students at the 3rd, 7th and 10th grades in Bombay, India; Seoul, South Korea; Ankara, Turkey; Beijing, China; and Lubbock, Texas, US. Given the impact of socio-economic factors on student perceptions, participant schools w...
	Within the participating schools, one hundred twenty students per grade level 3rd, 7th & 10th) were randomly selected. The procedure for selecting students was uniform in all schools. Teachers provided researchers only the roll numbers of the students...
	Research Design and Data Collection
	A mixed method research design was employed to compare differences and similarities in students’ perceptions of science and scientists among different countries. Major data sources included student responses to survey instrument and interviews. The su...
	Data Analysis
	Students’ Perceptions of Scientists
	The drawings of scientists (Part A) were evaluated using the DAST-C developed by Finson, Beaver, and Cramond (1995). The DAST-C consists of 15 items that represent 15 stereotypic characteristics of scientists that students commonly have. During the an...
	To enhance the accuracy of scoring by DAST-C, the three researchers jointly scored 20 drawings randomly selected from each country and established clear criteria for analysis of each item on the DAST-C. Then they scored separately another 20 drawings...
	Students’ Perceptions of Doing Science
	For Part B, the drawings of a student(s) doing science were grouped into three main categories: (1) those who pictured themselves as passive learners such as reading about science or taking notes at a desk; (2) those who pictured themselves as active ...
	Students’ Career Choices
	Students’ responses to Part C were grouped into three categories: a) scientist (e.g., biologist and chemist); b) science related career (e.g., biotechnologist and computer engineer); and c) non science related career (e.g., singer and soccer player). ...
	Relationships among Students’ Perceptions of Scientists and Doing Science, and Career Choices
	To examine whether student perceptions of scientists were related to their career choices, participants in each country were divided into two groups according to their stated career choices; one wanting to pursue science or science-related career; the...
	In order to assess the relationship between student perceptions of scientists and perceptions of doing science, the mean scores of the stereotype were compared country-wise by three categories based on student perception of doing science; a) drawing t...
	RESULTS
	Part A: Perceptions of Scientists
	Overall Perceptions
	To test the differences in the mean scores of the students’ perceptions of scientists measured by DAST-C by country, by grade, and by gender, ANOVA was conducted. The results indicated that the main effect of country (F=15.679, p-value=.000) and grade...
	Table 4 describes the distribution of the indicators for each country. The stereotypes of scientists most frequently exhibited by students of all grade levels and countries fell into two major categories: a) those related to the physical appearance of...
	Meanwhile, a larger number of students from the US drew their scientists in everyday clothes as opposed to wearing lab coats. In addition, the item 15 (open comments related to dress items, neckties, hair style, smile/frown, etc.) was less depicted by...
	It is also important to note that over 90% of Turkish student depicted scientists as Caucasian, while the students from other countries illustrated other ethnic groups, such as Hispanic, Asian, and African. One possible cause for this result is that ...
	By Grade
	In this study, some grade 3 students drew their scientist examining leaves or looking through the telescope. Interviews revealed that those were topics recently studied by the students in their science lessons. We also found that more grade 3 students...
	By Gender
	Although a statistical analysis revealed that there was no difference between female and male participants in the mean scores of stereotype, female participants predominantly depicted their scientists wearing lab coats and eye glasses, working in the ...
	Part B: Draw a Student Doing Science in School
	In part B of the survey administered, we asked participants to draw a picture of a student doing science in school and explain what the student was doing. The data were grouped into three categories: active, passive, and other. Drawings that represent...
	Table 5 represents the results obtained for these categories and indicates the differences in each one of them across countries and grade levels. More than half of the students from all countries perceived doing science as an active practice. Interest...
	Part C: Future Career Choice
	Chi-square test indicated that students’ career choices were different by countries (chi-square = 100.260, df=4, sig.=0.00; see Table 6 for the differences). When asked about their future career choice, more than half of the entire participant group (...
	Among Indian grade 10 students, while only about 10% of participants chose scientist as their future career choice, more than 40% of students chose science and technology related fields to pursue as a future career choice. However these results were n...
	In the interviews, the students from the developing countries often referred directly or indirectly to the “value” of science. Though they found the study of science difficult and tedious, they also saw science as a mean to improve their lives.
	“Science is not my favorite subject to study in school. It is so hard and we have to memorize everything to do well in the exam. When I grow up I want to be an author and write stories, but I think I will be  a computer engineer like my brother and un...
	This directly speaks to how globalization has the ability to make science transformative in the lives of young people (Lee & Micheal-Roth, 2007).
	Chi-square test was performed to examine gender differences in career choice in each country. As a result, the association between gender and career choice was significant in Korea, Turkey and US at the 0.05 significance level (Table 7). In particular...
	Relationship between Students’ Perceptions of Scientist and Career Choices
	The results of t-test with the two groups (wanting to pursue science or science-related career; wanting to pursue non-science related career) indicated that there is no statistically significant difference in the stereotype scores of the two groups fo...
	Relationship between Students’ Perceptions of Scientist and Perceptions of Doing Science
	Three indicators of student perception of doing science (passive, active and other) were present in the students’ drawing of themselves doing science. Table 9 displays the difference in mean score of the stereotypes by student perceptions of doing sci...
	Relationship between Students’ Perceptions of Doing Science and Career Choices
	Table 9 displays crosstabulation of students’ perception of doing science and career choices for each country. As indicated in Table 10, only in Korea and US there was a significant relationship between an active perception of doing science and choos...
	DISCUSSION AND IMPLICATIONS
	This study shows that the students from the five participating countries held similar stereotypic images of scientist to those that previous studies identified. For example, most students in this study portrayed scientists as males wearing lab coats w...
	A larger number of the students appeared to perceive doing science as an active practice. In terms of countries, students from India, US, and South Korea perceived doing science passive more than those from Turkey and China. Assuming that their percep...
	An interesting result of our study was that more than half of the entire participant group stated they would not want to pursue a career in science. The decline in the interest among youth in pursuing science careers has been well documented (Varghese...
	While collecting and analyzing data, it became evident that participants at all grade levels differentiated between “scientist” and “science related careers” as future career choice. While some participants chose scientist as their future career choic...
	The gender analysis with regards to career choices in each country revealed unexpected results. While in South Korea and Turkey, male students tended to choose science related careers more than females did, the pattern was reversed in US. The gender d...
	Another interesting finding is the significant relationship between perceptions of doing science and career choices only in Korea and US. In these two countries, students who perceived science as active practice were inclined to choose science-related...
	Although this international comparison study was ground in sound research methods, it should be acknowledged that the findings of this study cannot generalized towards a larger population of the participating countries due to the relatively small samp...
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	INTRODUCTION
	A model can be defined as a system of objects or symbols that represents some aspect of another system and it can be often compared to a ‘bridge’ or regarded as a ‘mediator’ since a model plays a role of making a connection or transition between theor...
	Besides considering models as science’s products and as presenting its thinking and working methods, they also provide its major learning and teaching tools (Crawford & Cullin, 2004; Harrison & Treagust, 2000;Treagust et al., 2004) and they facilitate...
	The diversity of roles possible for models in science has been widely recognized. More straightforward functions are considered such as the representation of entities in descriptions and/or simplifications of complex phenomena (Ingham & Gilbert, 1991;...
	According to a recent study, scientific models have been recognized as a valuable teaching tool that changes alternative conceptions into scientific conceptions, and leads to an active learning attitude among students (Treagust & Harrison 2000). In or...
	Learners' perceptions of scientific models
	Scientific models have long been used and appreciated as useful tools that enhance learning; however, most elementary and junior high school students regard scientific models as concrete replicas of the real thing, with few students regarding scientif...
	State of the literature
	 Scientific models have been recognized as a valuable teaching tool that changes alternative conceptions into scientific conceptions.
	 Current researches focused on classifying students’ perception and understanding of the scientific models into different levels.
	 Conceptions of lunar phases have been a central focus for various studies from different countries and various misconceptions with regard to this has been reported.
	Contribution of this paper to the literature
	 This study empirically examines whether there were differences in the perception of the scientific models according to students’ subject matter knowledge.
	 A survey called SUMS and the lunar phase description test were administered, the data were analyzed quantitatively and qualitatively.
	 The results of the study showed that Korean students appeared in a different pattern in the epistemological perceptions of the scientific models depending on their types of lunar phases conception.
	Literature review about conceptions of lunar phenomena
	Lunar phases are taught in middle school in Korea and   is one of the concepts in Earth Science that students have difficulty understanding. Many studies that examined student understanding in this field reported that misconceptions persist once they ...
	Purpose of the study
	It is necessary to 37Tfind37T 37Tthe linkage between37T 37Tstudents'37T 37Tcontent37T 37Tknowledge37T 37Tand37T understanding37T of37T 37Tscientific model37T, based on which a method of improving teaching and learning 37Tfor37T 37Tthe meaning and role...
	Therefore, this study was performed to examine students' conceptions of the lunar phases and reveal whether there were differences in the perception of scientific models according to their conceptions. Under the purposes of this research, the followin...
	METHODS
	Participants
	This study was performed with a total of 252 10th grade high school students between the ages of 15 and 16, of whom 115 were from a science high school and 137 from a regular high school in South Korea. The education system in South Korea is divided i...
	The instruments
	Students’ Understanding of Models in Science(SUMS) instrument used to this study, was developed by Treagust et al.(2002) and is comprised of 5 sub-factor categories: items related to multiple representation (MR) examine the recognition of diversity, i...
	The survey was administered by science teachers from their respective schools, and students were given 20 minutes to complete the survey. To ensure the uniformity of administration of the survey in all classrooms, teachers were instructed not to provi...
	In the lunar phase description test, all participants of this study were asked to write regarding why the Moon keeps changing its shape in a 1-month cycle. The 37Tresearchers37T c37Tompleted37T 37Tdrawing37T 37Ttest regarding37T 37Tthe37T 37Tchanges37...
	Data analysis
	Korean Students’ Alternative Conceptions of Lunar Phases
	The researcher and two Earth Science teachers analyzed the students' responses as raters. First, all the responses were reviewed to develop a set of analysis criteria. The student conceptions were classified into 5 types based on the criterions of ana...
	Student responses were analyzed based on the analysis criterions to determine the type of conception to be classified into, and the frequency of each of the schools was calculated. In order to increase the inter-rater reliability, three researchers cr...
	Perception of the Korean Students on the Scientific Models
	Relationship between Students’ Perception of the Scientific Models and their Conceptions of Lunar Phases
	RESULTS AND COMMENTS
	Korean students’ alternative conceptions of lunar phases
	 The phases of the Moon depend on its position in relation to the Sun and Earth. As the Moon makes its way around the Earth, we see the bright parts of the Moon's surface at different angles.
	 As the Moon revolves around the Earth, a portion receiving sunlight stays constant but the part that is viewed from the Earth changes.
	 As the Moon orbits the Earth, the surface of the Moon that is visible from the Earth changes.
	 Because the Moon orbits the Earth, a portion of which is illuminated by the Sun varies continually.
	 The revolution of the Moon around the Earth makes the Moon appear as if it is changing shape in the sky.
	 Depending on the Moon's position, a portion that receives the light rays from the Sun is different.
	 The part that receives the sunlight becomes different.
	 As the Moon orbits the Earth, the part receiving the sunlight changes depending on its position.
	 The shape of the moon observed changes because the Moon orbits the Earth and the Earth rotates.
	 It's because of the positions of the Moon and the Sun change.
	 It's because the Moon reflects the sunlight as it orbits the Earth.
	 It's because the Moon orbits the Earth.
	 It's because of the orbit of the Moon and the Earth.
	 The angles of the Earth, Moon and Sun change and the shape of the moon observed changes.
	 The shape of the Moon changes because the Earth's shadow falls on it depending on the time.
	 The shape of the Moon changes because the Earth's shadow falls on it.
	 It's because the Moon enters Earth’s shadow.
	 It's because a portion of the Moon on which the Earth's shadow falls changes.
	 When the sunlight gets blocked by the Earth because of the Earth's orbit, it causes a shadow to fall on the Moon and changes its phase.
	 The shape of the Moon changes because it gets hidden by the Sun.
	 It's because the Earth is rotating.
	 It's because the Earth is orbiting around the Sun.
	 It's because the Earth is rotating with an axial tilt.
	 The shape of the Moon observed varies because of the difference between the orbit periods of the Earth and the Moon.
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