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국문초록

과학 교과서는 과학 교육에 있어서 아주 중요한 역할을 하여 왔다. 교과서는 학생들이 학문적 경험

을 하게끔 주도하며 학교 교육을 대표하는 수단이라고 할 수 있다(Valverde, Bianchi, Wolfe, Schmidt, 
& Houang, 2002). 그러나 과학 교육에서 교과서의 중요한 역할에도 불구하고 , 국내외에서 그 연구가 

미비하였다 (Good, 1993). 이 연구의 첫번째 과제로써 과학 교과서 연구 현황을 살펴보기 위해 지난 30
여년간 미국에서 이루어진 초등 교과서와 관련된 연구들을 분석 및 정리하였다 . 한편 과학의 본성에 

대한 이해는 지난 반세기 동안 과학 교육에서 하나의 중요한 목표가 되어 왔으며 , 미국의 여러 국가적 

차원의 지침서에서는 그 중요성을 강조하였다 (NRC, 1996; AAAS, 1990, 1993). 그럼에도 불구하고 과

학 교과서 연구에서 과학의 본성에 관련한 선행 연구가 거의 없다는 것을 알고, 본 연구의 두번째 과제

로써 현재 미국 초등 교과서에 나타난 과학의 본성에 대한 연구를 4가지 주제에 근거하여 분석하였다 . 
과학의 본성에 대한 4가지 주제는 (a)지식 체계로서의 과학, (b) 탐구 방법으로의 과학 , (c) 생각의 방법

으로의 과학 , 그리고 (d) 과학과 기술 , 그리고 사회와 연관된 관계 (Chiappetta, Fillman, & Sethna, 2004)
로서 , 본 연구에서는 미국 초등 과학 교과서에 나타난 이 4가지 주제를  학년별 및 출판사별로 4가지 

영역의 포함 정도를 퍼센트로 산출하였다 . 또한 도입 단원 전체를 분석하였으므로 , 단원 전반적 내용

에 내포된 과학의 본성에 대한 측면을 연구자의 직관과 전문성에 근거하여 서술적인 방식으로 토의하

였다 .
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I. INTRODUCTION

The role of textbooks in science education cannot 
be overemphasized (Yager, 1983). Researchers have re-
ported that textbooks play a major role in science edu-

cation (Lloyd, 1990), and studies have shown the im-
portance of textbooks for teacher use as well as for 
student learning about science. Most educators agree 
that textbooks are valuable teaching resources that support 
planning and delivering instruction to meet local and 
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national curricular standards (Chiappetta & Koballa, 
2002). According to Harms and Yager (1981), more 
than 90 percent of science teachers use a textbook most 
of the time. Science teachers rely heavily on science 
textbooks in order to determine their curriculum and 
instructional choices (Yore, 1991). Most teachers use a 
textbook to provide the content taught in the class-
room and plan their instruction by the organization of 
the textbook. Thus, textbooks often dictate students’ 
science “curriculum” (Gottifried & Kyle, Jr., 1992). Text-
books, which utilize a number of instructional strate-
gies, provide teachers with a means to construct their 
curriculum as well as approaches to teaching it (Chiang- 
Soon & Yager, 1993).        

Unfortunately, for such an important component of 
the curriculum, science textbook research is compa-
ratively small in comparison to most of the research 
conducted in science education and has not been widely 
disseminated in order to inform science teachers. Accor-
ding to the National Science Education Standards 
(National Research Council [NRC], 1996), the impor-
tance of the availability and organization of curriculum 
materials, equipment, media, and technology in science 
teaching are noted. Without an efficient evaluation of 
the instructional materials, it is possible that teacher 
preparation might fail to provide effective curriculum 
materials for professional training (Wang, 1998). Pro-
ject 2061’s Benchmarks for Science Literacy (1993) 
and the National Research Council’s National Science 
Education Standards (1996) indicate that researchers 
and material developers need to analyze how well curri-
culum, instruction, and assessment support student 
achievement of learning goals. Both Project 2061 and 
the National Research Council articulated these goals 
in terms of a national consensus among educators and 
scientists on what K-12 students should know in science.

Science for All Americans (AAAS, 1990) empha-
sizes the importance of the nature of science in guiding 
science educators in accurately portraying science to 
students. The National Research Council (1996) also 
calls for teaching students the nature of science in its 
National Science Education Standards which specifi-
cally includes standards for teaching the nature of science 

across all grade levels.  The National Science Teachers 
Association emphasizes the importance of understan-
ding the nature of science in its official position state-
ment designed for all professionals involved in science 
teaching and learning.  

Although helping students to achieve an adequate 
understanding of the nature of science has been a con-
sistent goal for science education for over half a cen-
tury, current research reveals that the majority of stu-
dents and teachers have naïve views of the nature of 
science (Abd-El-khalick & Akerson, 2004; Bianchini & 
Colburn, 2000). This problem could be attributed not 
only to the complex nature of science, but also to the 
way the nature of science is presented to students du-
ring instruction. Thus, research must be conducted to 
examine how the science is taught, especially in science 
textbooks, which are a major instructional resource for 
teaching science.  

Given this background, the purpose of the first stand 
of study is to examine science textbook analysis re-
search conducted on elementary science textbooks over 
the last several decades in the United States to learn about 
what types of elementary science textbook analysis has 
been conducted in science education. Also, as a second 
strand of research, the present analysis was conducted 
to determine the balance of the nature of science 
themes in the first chapter of 1st - 5th grade elementary 
science textbooks in U.S.

The research purpose can be summarized as the 
following research questions:

1. What types of textbook analysis research has 
been conducted at elementary level over the last 
30 years in U.S.?

2. What are the conceptual frameworks, analytical te-
chniques, reliability measures used by researchers 
and findings from each of the studies examined?

3. What is the balance of the themes for the nature 
of science in the introductory chapters of current 
elementary science textbooks? 

4. How does the presentation of the content for the 
nature of science compare among the texts included 
in this study?
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METHODS

1. The First Research Strand- A Review of

Elementary Science Textbook Analysis Research:

Meta-Content Analysis

The research effort reported in this review may be 
characterized as a “meta” content analysis of research 
reports of elementary science textbook analysis. The au-
thor engaged in this study with the primary aim of 
articulating what can be learned from an examination 
of selected research reports of elementary textbook 
analysis conducted over the last 30 years, ranging from 
studies published between 1985 and 2010. 

Research reports of science textbooks analyzed in 
this study were mainly selected from refereed science 
education journals. Citations of relevant refereed arti-
cles and other research reports were obtained by sear-
ching various electronic databases (e.g., Wiley Inter-
Science, ERIC, and Elsevier Science Direct). Abstracts 
of these reports were scanned before the full-text re-
ports were obtained and reviewed for inclusion in this 
review. The refereed journals primarily comprise the 
following: Journal of Research in Science Teaching, 
Science Education, and the International Journal of 
Science Education. In addition, volumes of these three 
primarily refereed journals were physically scanned for 
articles and relevant references. As I believe that most, 
but certainly not all, of the elementary science text-
book analysis reports in these journals have been 
examined for this review. 

As the research reports of elementary science text-
book analysis were obtained, they were read and cate-
gorized by date of publication from earliest to most 
recent. The summaries were developed with specific 
attention to the textbooks analyzed, the conceptual frame-
work used in the analysis, the analytical technique 
applied in the content analysis, reliability measures 
used in the analysis, and the reported findings. For 
each research report of elementary science textbook 
analysis read, the summaries were entered into a set of 
tables organized. This data management technique fa-
cilitated comparison of selected aspects of the research 
reports examined in the study.

2. The Second Research Strand – Presen-

tation of the Nature of Science in Elementary

Science Textbooks: Content Analysis

A content analysis was used to determine the extent 
to which 20 elementary science textbooks are balanced 
for the nature of science. Content analysis has been 
defined as “a research technique for the objective, sys-
tematic, and quantitative description of the manifest 
content of communication” (Berelson, 1952, p. 18). 
According to Budd, Thorp, and Donohew (1967), “Con-
tent analysis is a systematic technique for analyzing 
message content and message handing-it is a tool for 
observing and analyzing the overt communication 
behavior of selected communicators.” Similarly, Weber 
(1990) described content analysis as “a research me-
thod that uses a set of procedures to make valid infe-
rences from text” (p. 9). He explains that these inferences 
are about the senders of the message, the message 
itself, or the audience of the message, and the process 
of the inferences vary with the theoretical and subs-
tantive interests of the investigator (Weber, 1990). 

According to Krippendorff (2004), content analysis 
is “a research technique for making replicable and valid 
inferences from texts (or other meaningful matter) to 
the contexts of their use” (p. 18). He also described 
content analysis as a scientific research technique for 
making replicable and valid inferences from texts to 
the context of their use. Research techniques should 
result in findings that are replicable, which means that 
researchers working at a different point in time and 
under different circumstances should get the same 
results when applying the same technique to the same 
data. Replicability is the most crucial form of reli-
ability (Krippendorff, 2004). In addition to replicability, 
scientific research must yield valid results (Krippen-
dorff, 2004). A central idea in content analysis is that 
the text’s many words are classified into fewer content 
categories. To make valid inferences from the text, the 
classification process must be reliable, that is, generate 
variables that are valid (Weber, 1990). A discussion of 
reliability and validity is vital to content analysis. 

The nature of science has been defined as the “epis-
temology of science, science as a way of knowing, or 
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the values and beliefs of scientific knowledge and its 
development” (Lederman, 1992, p. 331). As researchers 
have explored many aspects of the nature of science to 
describe and inform science education about the cha-
racter of science itself, they have developed a more 
encompassing definition. “The nature of science is a fer-
tile hybrid arena which blends aspects of various social 
studies of science including the cognitive sciences such 
as psychology into a rich description of what science 
is, how it works, how scientists operate as a social 
group, and how society itself both directs and reacts to 
scientific endeavors” (McComas, Clough, & Almazroa, 
1998, p. 4). 

The preparation of scientifically literate students is 
a persistent goal of science education (American Asso-
ciation for the Advancement of Science (AAAS, 1990, 
1993; Millar & Osborne, 1998). Moreover, an adequate 
understanding of nature of science is a central element 
of scientific literacy (AAAS, 1990, 1993; Klopfer, 
1969; National Science Teachers Association (NSTA, 
1982). As such, helping students develop adequate un-
derstandings has been a long-standing concern of science 
educators and has recently been reemphasized in the 
national reform efforts in science education (AAAS, 
1990, 1993; National Research Council (NRC, 1996). 

There is significant agreement among science edu-
cators in the science education community that under-
standing science and how science works is important. 
However, providing students with an authentic view of 
the nature of science presents a big challenge for all 
teachers, especially those at the elementary level. One 
means to accomplish this goal is for the textbooks 
teachers use to include an accurate and balanced pre-
sentation of the nature of science. Therefore, the need 
exists for educators to examine how science textbooks 
present the nature of science.  

1) Sample

The elementary science textbooks used in this study 
are:

1. Science, First-Grade, Second-Grade, Third-Grade, 
Fourth-Grade, and Fifth-Grade (Harcourt, 2000)

2. Science - Discovery Works, First-Grade, Second- 

Grade, Third-Grade, Fourth-Grade, and Fifth-Grade 
(Houghton Mifflin, 2000)

3. Science, First-Grade, Second-Grade, Third-Grade, 
Fourth-Grade, and Fifth-Grade (McGraw Hill, 
2000)

4. Science, First-Grade, Second-Grade, Third-Grade, 
Fourth-Grade, and Fifth-Grade (Scott Foresman/ 
Pearson Education, 2000)

The sample consisted of the nature of science chap-
ters found within the textbooks published by the four 
major publishing companies used in the State of Texas. 
Traditionally, the nature of science chapter has been 
placed at the beginning of the text. It is in this section 
that the authors define for students what science is and 
the method(s) used by scientists. Therefore, the deci-
sion was made to include the entire first introductory 
chapter of each textbook. 

Analyses of the 20 elementary science textbooks 
were carried out using a procedure described in a ma-
nual entitled, the Procedures for Conducting Content 
Analysis of Elementary Science Textbooks. This instru-
ment was adapted from the original, Procedures for 
Conducting Content Analysis of High School Science 
Textbooks (Chiappetta, Fillman, & Sethna, 2004). The 
Procedures for Conducting Content Analysis of Elemen-
tary Science Textbooks manual discusses the nature of 
science, the four themes, the procedure followed for 
unitizing the sample, how the inter-rater reliability 
would be determined among the three coders, direc-
tions and practice in identifying the different aspects of 
the themes of the nature of science, text (units of analy-
sis) from the 20 textbooks, and a data sheet to identify 
the units of analysis.

First, the entire sample was unitized. This was done 
by consecutively numbering each unit of analysis on 
each page. The units for analysis included complete 
paragraphs, questions, figures with captions, tables with 
captions, marginal comments or definitions, and each 
step of a lab or hands-on activity. 

The Nature of Science themes used for this study 
included:

1. Science as a body of knowledge; text that pre-
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sents: (a) Facts, concepts, principles, and laws; 
(b) hypothesis, theories, and models; in addition 
to, (c) asking students to recall knowledge or 
information. 

2. Science as a way of investigating; text that: (a) 
Requires the student to answer a question through 
the use of materials, (b) requires the student to 
answer a question through the use of charts, tables, 
etc., (c) requires the student to make a calcula-
tion, (d) requires the student to reason out an 
answer, (e) engages the student in a thought expe-
riment or activity, or (f) instructs the student to 
get information from the Internet. However, if a 
question simply asks for recall of information or 
is immediately answered in the text, it is classi-
fied as Category1, science as a body of knowledge. 

3. Science as a way of thinking; text in this cate-
gory: (a) Describes how a scientist experimented, 
(b) shows the historical development of an idea, 
(c) emphasizes the empirical nature and objecti-
vity of science, (d) illustrates the use of assump-
tions, (e) shows how science proceeds by induc-
tive and deductive reasoning, (f) gives cause and 
effect relationships, (g) discusses evidence and 
proof, or (h) presents the scientific method(s) and 
problem solving steps. 

4. The interaction of science, technology, and society; 
Text in this category: (a) Describes the usefulness 
of science and technology on society, (b) stresses 
the negative effects of science and technology on 
society, (c) discusses social issues related to science 
and technology, or (d) brings out careers and jobs 
in scientific and technological fields. (Chiappetta 
& Koballa, 2002)

This framework of the nature of science supports 
the call for reforms in science education, in addition to 
those required by Science for All Americans (AAAS, 
1990) and the National Science Education Standards 
(NRC, 1996). For a study to be valid and reliable it 
is important that the tools and procedures used be 
valid and reliable. To accomplish this goal, first, the 
categories used for the nature of science have been 

found to be accurate and exhaustive, corresponding to 
the contextual meanings of the conceptual framework, 
the nature of science (Garcia, 1985). Second, this study’s 
framework has been tested and found to be both valid 
and reliable to analyze the content of science textbooks 
for the nature of science on both the middle and 
secondary levels by Garcia (1985), Fillman (1989), Chia-
ppetta, Sethna, and Fillman (1991), Lumpe and Beck 
(1996), Chiappetta and Fillman (2005), Phillips (2006), 
and Lee (2007). Third, the coders have extensive back-
grounds in the nature of science and science education. 
Fourth, inter-rater reliability was accomplished by trai-
ning the coders for the study using the Procedures for 
Conducting Content Analysis of Elementary School 
Science Textbooks manual. 

RESULTS & DISCUSSIONS

1. A Review of Elementary Science Textbook

Analyses Research

Overall few studies have been conducted at the ele-
mentary school levels over the last three decades. Be-
cause of the need to educate elementary school stu-
dents and their teachers, more textbooks analyses should 
be undertaken at elementary level. The research should 
examine science textbooks to learn more about the images 
they convey to teachers and students about science. 
Below are the elementary textbook analyses including 
the researchers and the findings that have been con-
ducted previously over the past three decades in the 
United States. 

Powell and Garcia (1985) conducted content analysis 
to determine how males, females, minorities, and non-mi-
norities are quantitatively and qualitatively represented 
in the illustrations of seven elementary science text-
books (grades 1-6) published in the early 1980s. They 
developed an evaluation instrument for the study and 
recorded the total number of illustrations in each text-
book. Each human illustration and/or photograph on 
each page was evaluated according to sex, race, child or 
adult, and degree of activity. Two raters were involved 
in the analysis to ensure intercoder reliability using 
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two approaches. One approach consisted of a simple 
percentage agreement between the two coders. The second 
reliability index was calculated using Cohen’s kappa 
(Cohen, 1960). The median reliability scores for all 
textbooks combined were .93 for simple agreement 
and .85 for Cohen’s kappa. The results indicate that 
the total number of human illustrations in each text-
book varied from 554 to 1,129. On average, 60% of 
the individuals represented were males, 35% were females, 
and 5% were unidentified. Seventy five percent (75%) 
of the individuals represented were non-minorities. 
Also, female children were represented with greater 
number of frequency than male children and adult 
females were represented in a variety of science and 
non-science career roles. Minority adults and children 
were represented with less frequency than nonmino-
rities and minority adults were rarely shown in science 
related roles. Powell and Garcia concluded that the 
textbooks limit science as a potential career role for 
minorities by illustrating the groups less often in the 
role than white male adults. Finally, they found that 
elementary science textbooks did not provide young 
learners with a broad, comprehensive, multicultural, and 
balanced view of science in society.

Staver and Bay (1987) examined 11 elementary science 
textbook series using sentence, illustration, activities, 
and miscellaneous as the units of analysis with regard 
to Project Synthesis goal clusters: (a) academic prepa-
ration, (b) personal needs, (c) career education/aware-
ness, or (d) societal issues. The inquiry emphasis of 
text activities was categorized as (a) confirmation, (b) 
structured inquiry, (c) guided inquiry, or (d) open in-
quiry. They chose two representative units from the 
primary level (K-3) and intermediate level (4-6) for 
analysis. “Units were chosen by first identifying units 
common to most texts at the primary and intermediate 
levels, then randomly selecting one unit from each 
level for analysis” (p. 633). For the 415 items analyzed 
by two researchers, the first researcher rated 346, 52, 
and 16 as academic, personal, and career; the second 
rated the same 415 items as 354 academic, 46 per-
sonal, and 15 career. Staver and Bay’s ratings were 
identical on 94.12 %, of the units analyzed. They did 

not report using a written protocol for their analysis. 
Staver and Bay concluded that most text information 
was academic in orientation, and most of the student 
activities/experiments were absent or limited in number. 
Further, for the activities/experiments that were in-
cluded in the textbooks, most were of the confirmation 
type where the answers were already given in the text. 
Therefore, these resources did not reflect the recom-
mendations of the National Science Teachers Associa-
tion for a scientifically literate person. 

Meyer, Crummey, and Greer (1988) conducted an 
analysis of elementary school science textbooks. They 
examined and compared content domains and vocabu-
lary in 12 textbooks from four science programs (pub-
lishers) for: grades 1-5 published by Merrill and by 
Silver-Burdett, grade 4 published by Holt, and grade 5 
by McGraw-Hill. This analysis was a part of a longi-
tudinal study of science concept acquisition (Meyer & 
Linn, 1985) and these books were selected because 
they were used in the school districts that were a part 
of the longitudinal study. Their content analysis was 
conducted to answer three research questions: “What is 
the content of the four programs? How is common 
content presented across grade levels in the programs? 
How well is the content presented?” (pp. 439). Their 
conceptual framework was developed from the litera-
ture they reviewed. They examined the texts for con-
tent domain, pedagogy, propositions, and considerate-
ness (pp. 438-439). Every page from each textbook 
appropriate for the content domain was coded. Although 
chapter or unit titles helped determine content domains, 
the authors found it necessary to read each chapter or 
unit to title the content domains. 

Meyer et al. counted vocabulary as those words 
clearly specified for students to learn (indicated in lists 
at the end of chapters or highlighted and defined in the 
text). In order to examine pedagogy, they reported se-
lecting all chapters on the same topics within grade 
levels across publishers and then identified the major 
ways in which content was presented and tallied them. 
In examining for propositions, they used the definition 
of a proposition offered by Omanson, Beck, Voss, and 
McKeown (1984) as “a cohesive set of units of mea-
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ning.” Using this definition Meyer et al. counted the 
propositions in the texts as a measure of the density 
of text in each program. Lastly, considerateness was 
reported as examined using the guidelines set forth in 
Anderson and Armbruster (1984). They searched for 
and tallied “inconsiderate text” defined as text with “illo-
gical structure” or “text [that] has confusing or inco-
rrect headings.” In searching for considerateness, they 
examined the structure (e.g., logical connectives, refe-
rents, and antecedents), content (e.g., language-activi-
ties, procedures, vocabulary beyond common experiences 
of children at the intended grade level, problematic 
technical terms), and pictures & diagrams (e.g., un-
necessary to text, hard to see, or unlabeled) (pp. 439). 
Results were presented in the form of tally tables 
showing the number of content domains, vocabulary, 
etc. Meyer et al. found (a) substantial differences bet-
ween programs/publishers and that variation occurred 
in content and pedagogy, (b) the programs that have 
the greatest amount of text (i.e., the highest number of 
content domains, propositions, and vocabulary) also 
had the most hands-on activities and have fewer pro-
blems with considerateness, (c) the programs with the 
greatest amount of content also had more teacher- 
directed activities and subsequently fewer activities 
that appeared only in student materials. Although suffi-
cient details were provided with regard to the analysis 
method used by the authors, methods (if used) to 
validate the content analysis procedure or the relia-
bility of coding were not presented. 

Using qualitative analysis, Jeffrey and Roach (1994) 
examined elementary and middle-school science text-
books for the presence of evolutionary protoconcepts. 
Protoconcepts are “topics that prepare students to study 
evolution in later years” (p. 507). Five textbook series 
were chosen for this analysis spanning grades one 
through eight. Seventeen protoconcepts considered im-
portant for student understanding of evolution were 
used to analyze the texts. An example of the concepts 
used include: dinosaurs, camouflage, heredity, extinc-
tion, fossils, earth history, evolution, and concept of 
time. These concepts were chosen by exploring all of 
textbooks for topics that might qualify as evolutionary 

protoconcepts, thus generating grounded theory that 
was used to guide the study. Additional life science 
textbook protoconcepts were gleaned from the miscon-
ception literature. This part of the research was con-
ducted after the topics were generated from a review 
of all textbooks so that bias was reduced. The proto-
concepts from the life science texts were validated by 
matching them with those previously generated. There-
fore, all categories were grounded in the data with life 
science categories also grounded in the literature. 

Jeffrey and Roach found coverage of protoconcepts 
varied considerably among all published textbooks. For 
example, all texts deal with most protoconcepts at one 
time or another. However, there was a lack of consis-
tency in presentation of concepts across the grade 
levels. And, some texts were found to be missing infor-
mation such as fossil correlation with rock layers. 
“Therefore, if students were taught from a different text 
series each year they may get exposure to fewer proto-
concepts than if they had been taught from the same 
series throughout their elementary school experience” 
(p. 513). Jeffrey and Roach recommended that teachers 
be aware of the protoconcepts necessary for students’ 
conceptual growth of evolution and the extent to 
which they are addressed by publishers. Then, as tea-
chers select texts and plan activities they can use supple-
mentary materials to fill the gaps. Jeffrey and Roach 
did not report on the protocol that they used, which 
would inform researchers on how to identify evolution 
protoconcepts or the reliability of the procedure.

While these studies do summarize previous reviews 
of elementary science textbooks they do not examine 
textbooks for the themes of the Nature of Science.  
Given the national focus on increasing understanding 
of the Nature of Science (NRC, 1996) and increasing 
scientific literacy (NSTA, 1982) it is necessary to under-
stand what components are emphasized in elementary 
science textbooks. Therefore, it is important to examine 
what aspects of the Nature of Science students are ex-
posed to through their elementary science textbooks.
Researchers have identified discrepancies in students’ 
knowledge of scientific concepts by as early as third 
grade. (Kohlhaas, Lin & Chu, 2010) Given that elemen-
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Table 1. A Review of Elementary Science Textbook Analyses Research

Conceptual framework Analytical technique Reliability of protocol and 
of coding Findings

Powell and Garcia (1985):  Seven elementary science textbooks and published in the early 1980s

․Examined the quantitative 
and qualitative portrayal of 
females and minorities in 
the illustrations of science 
textbooks

․The number of illustrations 
in each textbook was recorded 
and each human illustration 
and photograph on each page 
was recorded separately by 
group, race, sex, and as ac-
tive and passive using the 
Science Text Evaluation Pro-
cess (STEP)

․The median reliability scores 
for all books combined pro-
duced a .93 percent agree-
ment among coders and a 
Cohen’s kappa of .85.

․The total number of human illustra-
tions in each series varied from 554 
to 1,129.
․On average, 60% of the individuals 

represented were males, 35% were 
females, and 5% were unidentified.
․77% of the adults represented were 

non-minorities.
․Female children as a group are repre-

sented with greater frequency than 
are other groups of children.
․Minorities children are represented less 

than non-minority children, and female 
minority adults are depicted less than 
non-minority male adults. 
․Minorities are underrepresented in a 

limited number of career roles. 

Staver & Bay (1987): 11 elementary science textbooks published between 1979 and 1985.

․Project synthesis goal clu-
sters were used to catego-
rize the unit of analyses: 
(a) academic preparations, 
(b) personal needs, (c) career 
education/awareness, and (d) 
societal issues.
․The extent to which inquiry 

is presented in the text-
books.

․Performed two analyses; one 
for the grades 1-3 textbooks, 
the other for grades 4-6. The 
units of analyses were: sen-
tences, illustrations, activities, 
and miscellaneous. 

․Interrater agreement was 
94.12 %.

No reliability reported for the 
protocol.

․The results are: (a) most text prose 
focus on academic science, (b) most 
remaining text prose focus on per-
sonal goals, which is only minor (c) 
text activities/experiments are acade-
mic in orientation, (d) inquiry is ab-
sent or present in only limited form, 
and (e) texts allocate only a minor 
portion of space to activities/experi-
ments.

Meyer, Crummy, & Greer (1988): 12 textbooks from four publishers for grades 1-5.

․Determined the content do-
mains, pedagogy, proposi-
tions and considerateness. 
․Used Omanson, Beck, Voss, 

& McKeown (1984) defini-
tion for propositions and An-
derson & Ambruster (1984) 
guideline for considerateness. 

․Counted the number of con-
tent domains, pedagogy as 
major ways in which content 
was presented, propositions 
and considerateness or lack 
thereof.  
․Each page of every textbook 

appropriate to content domain 
was read.
․Compared results across publi-

shers.

․No reliability reported for 
the protocol.
․No reliability reported for 

the textbooks analyzed.

․Substantial differences existed between 
programs particularly with content 
and pedagogy.
․Program with the greatest amount of 

text also had the most hands-on acti-
vities and had fewer programs with 
considerateness.
․Programs with the greatest amount of 

content also had more teacher-directed 
activities.

Jeffrey & Roach (1994): Five elementary and middle school science textbook series.

․Seventeen evolutionary pro-
toconcepts, such as; concepts 
of time, dinosaurs, camou-
flage, heredity, earth history, 
etc.
․Generated protoconcepts using 

grounded theory. 

․Evaluated textbooks with res-
pect to the 17 evolutionary 
protoconcepts. 

․No reliability reported for 
the protocol.
․No reliability reported for 

the textbooks analyzed.

․Evolutionary protoconcepts vary con-
siderably among published textbooks. 
Found a lack of consistency in pre-
sentation across all grade levels. 
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tary science textbooks are a primary source of scien-
tific content in the classroom, it is significant to under-
stand how they could be contributing to these discre-
pancies in scientific knowledge and the Nature of 
Science.

2. Presentation of the Nature of Science in

the Introductory Chapter of Elementary Science

Textbooks

Inter-rater agreement was calculated using percent 
and Inter-rater reliability was calculated using Cohen’s 
(1960) kappa. Cohen’s kappa is a statistic that uses the 
nominal scale that factors in guessing. Values for 
Cohen’s kappa range from 1.00 to 1.00, with 0 equal 
to agreement by chance. A kappa value of .75 or grea-
ter is considered good to excellent agreement beyond 
chance; a value between .40 and .75 indicates fair to 
good agreement beyond chance; and, a value below 
.40 is considered poor agreement beyond chance. A 
high reliability coefficient is more desirable because 
the data can be considered more trustworthy.

The inter-rater agreement for the instrument, Pro-
cedures for Conducting Content Analysis of Elemen-
tary School Science Textbooks ranged from 85.2% to 
93.4% among the three coders with a range in kappa 
values from 0.80 to 0.9. Table 2 presents the inter- 
coder agreement and reliability values for the analysis 
of four categories of the nature of science in the twenty 
elementary science textbooks. The percentage of agree-
ment for the coding of the Methods of Science Chap-
ters ranged from 85.1% to 99.2%. Kappa values for 
the coding of the Methods of Science chapters ranged 
from 0.80 to 0.99. Results for assigning units of text 
to nature of science categories resulted in good to 
excellent agreement for all coding of, the instrument, 
all methods of science chapters. Therefore, the data 
collected of the nature of science themes in the 20 ele-
mentary science textbooks can be considered trust-
worthy.

After the sample was unitized, it was randomly dis-
tributed among the coders, who coded each unit of 
analysis for the four aspects of the nature of science. 
The units were tabulated and the percentages and pro-

Table 2. Intercoder Agreement and Reliability Values for the 
Analysis of Four Categories of the Nature of Science in the 
Twenty Elementary Science Textbooks

Textbook Chapters Coders Percent 
agreement

Cohen’s 
kappa

Harcourt Methods of 
Science

A/B 90.4 0.87

A/C 90.4 0.87

B/C 99.2 0.99

Houghton 
Mifflin

Methods of 
Science

A/B 85.1 0.8

A/C 95.5 0.94

B/C 86.6 0.82

McGraw 
Hill

Methods of 
Science

A/B 96.1 0.95

A/C 96.4 0.95

B/C 95.8 0.94

Scott 
Foresman

Methods of 
Science

A/B 94.9 0.94

A/C 99 0.99

B/C 95.9 0.95

portions of each aspect of the nature of science to the 
whole were calculated. Table 3 lists the percentages of 
the four nature of science categories found in the twenty 
elementary science textbooks methods of science chap-
ters by grade level. For this study the entire first chap-
ter of each textbook was examined. It is the first chap-
ter that publishers have traditionally placed the content 
for the methods of science. 

For the percentage of the presentation of the four 
elementary science textbooks, the mean percentage of 
Category I, Science as a Body of Knowledge, ranges 
from 0.0% to 50.0% across the grade levels in four 
publishing companies’ elementary science textbooks. 
While this is a dominant theme in Scott Foresman 
with more than a mean value of 30.0% in all grades, 
Harcourt does not focus on this theme at all with a 
value of 0.0% in all levels. Category II, Science as a 
Way of Investigation, has a mean range of 17.9% to 
100.0%. This category is the most emphasis theme in 
all four types of elementary science textbooks with 
more than a value of 30.0% in most of grade levels. 
The mean percentage of Category Ⅲ, Science as a Way 
of Thinking, ranges from 0.0% to 54.1% in the four 
types of elementary science textbooks. It indicates that 
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Table 3. Percentage of Nature of Science Categories Found 
in the Science Textbooks

Textbook Grade 
Nature of science categories

Ⅰ Ⅱ Ⅲ Ⅳ

Harcourt

1st  0.0 100  0.0  0.0

2nd  0.0 100  0.0  0.0

3rd  0.0 100  0.0  0.0

4th  0.0  96.0  4.0  0.0

5th  0.0  92.5  7.5  0.0

Houghton 
Mifflin

1st  1.0  74.0 25.0  0.0

2nd  1.0  74.0 25.0  0.0

3rd 18.2  48.5 33.3  0.0

4th 15.4  50.3 34.4  0.0

5th 15.1  41.5 43.4  0.0

McGraw
Hill

1st 14.3  30.5 37.1 18.1

2nd 14.3  30.5 37.1 18.1

3rd 26.5  23.0 35.8 14.7

4th 18.8  22.6 54.1  4.5

5th 24.5  27.0 37.6 11.0

Scott 
Foresman

1st 50.0  17.9 32.1  0.0

2nd 50.0  17.9 32.1  0.0

3rd 32.1  31.0 36.9  0.0

4th 30.4  30.4 39.2  0.0

5th 30.6  32.2 36.1  1.1

Note. Nature of Science Categories: Ⅰ= science as a body of know-
ledge; Ⅱ= science as a way of investigating; Ⅲ= science as a way 
of thinking; and, Ⅳ= interaction of science, technology, and society 
(STS).

while the three types of textbooks focus on this aspect 
of the nature of science with approximately one third 
portion of the content in the methods of science chap-
ter, only Harcourt does not emphasize on this aspect 
of the nature of science in all grade levels. For Cate-
gory IV, Interaction of Science with Technology and 
Society, the four types of elementary science textbooks 
place their focus on this aspect of scientific enterprise, 
ranging from 0.0% to 18.1%. Compare to other cate-
gories, this aspect of the nature of science is the least 
emphasis theme across the grade levels in all four 
types of elementary science textbooks.

To discuss the presentation of the nature of science 
specifically by the publishing company, Harcourt text-
book greatly emphasize on the first theme, Science as 
a Body of Knowledge, among the four aspects of the 
nature of science. Interestingly, Harcourt textbook fo-
cuses on the Category II by giving most of the percen-
tages in all grade levels with little emphasis on other 
categories. This finding is undesirable because even 
though the exactly same portion of the four categories 
was not expected from the results, it is pleasing to pre-
sent a variety of aspects of the nature of science in the 
chapter because of the multifaceted features of the na-
ture of science. 

Specifically, the first and second grade textbooks 
published by Harcourt share a similar format with one 
another.  The nature of science chapter illustrates basic 
science-process-skills and includes a one-page summary 
focusing on lab safety. A variety of hands-on activities 
are interspersed throughout the Harcourt textbooks for 
the purpose of engaging first and second-grade students 
in learning as they develop their understanding of science- 
process-skills and concepts. A science handbook is 
included at the end of the chapter of Harcourt textbook 
for explaining the process of conducting scientific in-
quiry, introducing lab safety, providing ideas for scienti-
fic investigations, and displaying instructions for using 
scientific tools (e.g.: hand lens, thermometer, ruler, mea-
suring cup, clocks, stop watch, balance, and computer).  

The first, second, and third-grade textbooks in the 
Harcourt series are similar, but show some unique di-
fferences. In the upper grades, the authors elaborate on 
the steps for using tools in the science classroom. Exam-
ples and more descriptive instructions for properly using 
a hand lens, microscope, balance, spring scale, rulers, 
and timers are included within the pages. The steps for 
using scientific tools are quite detailed and labels are 
included with pictures for easy identification (e.g.: mi-
croscope and balance). The authors also go into greater 
depth in the third, fourth, and fifth-grade science text-
books by discussing how to use computers as a tool 
for writing reports, making graphs, charts, and doing 
research. The third, fourth, and fifth-grade textbooks 
include instructions for creating graphs. In the instruc-
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tions, the authors discuss how to generate graphs using 
computer software programs as well as the benefits of 
doing so. Tips are given for using search engines and 
navigating the Internet safely.  

Category Ⅱ, Science as a Way of Investigation, and 
Category Ⅲ, Science as a Way of Thinking, is the two 
emphases of the Houghton Mifflin series. The nature 
of science is carried throughout the chapter as under-
lying themes.  This finding indicates that the authors 
of the Houghton Mifflin series seem to want students 
to understand the nature of science as a process of 
science - not by presenting scientific knowledge or the 
interaction of science with technology and society. In 
addition, the Houghton Mifflin textbooks feature a 
section called Thinking like a Scientist. The Thinking 
like a Scientist section provides illustrations and de-
finitions for students as they learn to use science-pro-
cess-skills (e.g.: observing, questioning, hypothesizing, 
planning and doing tests, recording facts, and drawing 
conclusions). An activity is given to encourage stu-
dents to investigate and practice using the same pro-
cess skills that scientists use. The authors also include 
ideas for further research and lab safety. The third, 
fourth, and fifth-grade textbooks emphasize careers in 
People Using Science located on the first page of 
every chapter.

In addition to emphasizing the nature of science by 
encouraging students to use science-process-skills and 
by highlighting careers in the Houghton Mifflin text-
books, the authors provide multiple opportunities for 
activities including reading, math, and science integra-
tion. In fact, distinct sections on reading and math 
skills are included in the back of every unit along with 
a science and math tool box. The Houghton Mifflin 
authors provide a variety of activities for teachers and 
students to use for improving their reading skills. Some 
of the activities include comparing and contrasting, 
using cause and effect, determining the main idea, and 
drawing conclusions. Also, the Houghton Mifflin text-
book series gives young readers assistance on how to 
read a science textbook in general. Reading tips are 
provided for the upper grade levels with increasing 
levels of depth. Similarly, math skills in the Houghton 

Mifflin science edition involve students in the process 
of graphing, using tables, and analyzing data.  

The McGraw Hill textbook series consistently em-
phasizes the nature of science throughout the chapter. 
It appears as the most balanced treatment of the pre-
sentation of the four themes throughout the entire chapter 
from the 1st to 5th grade. Significantly, the textbook 
content in McGraw Hill engages students in the me-
thods of science and presents the work of practicing 
scientists, their discoveries, and explains how scientists 
conduct their investigations. The McGraw Hill textbooks 
also expose students to the interaction of science, te-
chnology, and society. Science, technology, and society 
issues are woven into each textbook and demonstrate 
how scientists collaborate and work together to accom-
plish their goals.  Each McGraw Hill textbook includes 
a Science Magazine or a National Geographic (World 
of Science) section embedded within some of the chap-
ters. The National Geographic and Science Magazine 
sections focus on appreciating the work of different 
scientists and how scientists conduct their work. In addi-
tion to emphasizing the nature of science, the McGraw 
Hill textbook series includes distinctive features. A 
glossary is provided at the end of each textbook to help 
students with new terminology. Also, vocabulary words 
are highlighted and underlined for easy reference. The 
third, fourth, and fifth-grade textbook editions include 
a Methods of Science chart to illustrate the nonlinear 
aspect of the methods of science.  

In Scott Foresman textbooks the percentage of pre-
sentation of the four themes shows an overall simila-
rity across the grade levels. While the mean percentage 
of the presentation of the four themes is almost evenly 
in the first chapter, Category IV, Science and its In-
teraction with Technology and Society, it does not appear 
in the content of the methods chapter. The Scott Fo-
resman textbook integrates social studies and techno-
logy with science. Integrated activities are embedded 
within the chapters. The integrated activities focus on 
math, science, social studies, reading, writing, and even 
music. In the first and second grade textbooks, a science 
song serves as an introduction for each chapter. The 
fourth-grade textbooks integrate math and science by 
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asking students to solve word problems.
The Scott Foresman textbooks also include a science 

handbook in the back for showcasing science-process- 
skills in addition to providing suggestions for making 
measurements. Each grade level includes a timeline high-
lighting important inventions and historical events for 
both social studies and science. The first and second- 
grade textbooks highlight inventions while the third, 
fourth, and fifth-grade textbooks focus is on the his-
tory of science. Concept maps are included in the be-
ginning of the chapter and serve as a graphic organizer 
for students trying to understand the content found 
within the textbook chapters.

CONCLUSIONS AND IMPLICATIONS

Textbooks have long played an important role in the 
teaching and learning of science in the elementary class-
room. In the same way that scientists utilize books to 
further their research and practice, students can simi-
larly acquire useful knowledge from reading textbooks 
in the science classroom. Thus, teachers should exa-
mine their own beliefs about how they use textbooks 
to inform their instruction and practice. The way tea-
chers view the textbook directly influences the way 
their students will perceive their own textbook and the 
nature of science (Ulerick, 2011).

A review of U.S. elementary science textbook analy-
sis research is informative in some ways. Most of the 
elementary textbook analysis researches under the re-
view were conducted during the 1980s and early 1990s. 
It means that most elementary science textbooks that 
were analyzed were published previously before early 
1990s. Thus, there is a strong need to be conducted 
elementary science textbook analysis with current ele-
mentary science textbooks. For the topics of the ana-
lysis under the review varies from content domains to 
societal issues such as gender and race. Because the 
U.S. is to achieve the goal: “Science for All Ameri-
cans.”, gender and minority representation in science is 
essential (Chiappetta, L. E., Ganesh, T. G., Lee, Y. H. 
& Phillips, M.C., 2006). Perhaps additional science 
textbooks analysis should be undertaken to determine 

current textbooks have modified their presentations to 
include more females and minorities. 

Currently, there is a growing need to consider the 
“Multicultural Issues” in Korea as the rate of foreign 
workers increasing in the nation. In fact, science edu-
cation in Korea has been focused on some other peda-
gogical issues rather than societal issues. Even though 
there were some curriculums analysis researches in 
science education across the countries (Shim, S. & Choe, 
Y., 2005; Chung, C., Oh, H., Choi, J. & Kang, K., 
2007; Kim, M. & Kim, K., 2010; Shin, D. & Oh, K., 
2011), most researches emphasized on science content 
and pedagogy such as core concepts, topics, illustra-
tions, etc. Because the elementary science impacts on 
heavily students’ attitude and minds in science, there 
is an important need for Korean science educators to 
examine science curriculum in terms of the view of 
multiculturalism. 

For the second-strand of research, the elementary 
science content analysis portrays the balance for the 
nature of science themes in all four elementary science 
textbook editions. The revealed data should prove use-
ful to the elementary science teacher as he or she seeks 
to examine his or her beliefs regarding how textbooks 
should be used in elementary science instruction and 
practice. All twenty of the elementary science text-
books reviewed in this study focus on science as a body 
of knowledge and science as a way of investigating. 
Content is provided in all textbooks for students to 
learn about science in general and to generate interest 
for furthering their inquiry investigations. All of the 
elementary textbooks provide students with the process 
for conducting inquiry investigations, however some of 
the textbooks portray the scientific method as more a 
step-by-step process for organizing scientific inquiries. 
The authors of these textbooks are beginning to em-
phasize issues in science, technology, and society as well 
as science as a way of thinking. This is a nice start. 
McGraw Hill uses the scientific enterprise as a context 
for providing students with an understanding of what 
science is and how science is conducted. 

Presently, textbook publishers seem to be slowly mo-
ving toward a more balanced representation of the 



초등과학교육 제31권 제3호, pp. 398～412 (2012)410

nature of science in elementary textbooks. All textbooks 
are providing science content with greater emphasis on 
hands-on, minds-on opportunities for students to en-
gage themselves in inquiry investigations. It is hoped 
that in future publications of textbook editions authors 
continue to shift towards incorporating different aspects 
of science including science as a way of thinking as 
well as science and its interaction with technology and 
society to provide a more authentic view of the nature 
of science.

These findings are instructive to Korean science 
educators in some respects. Few people deny that the 
role of science textbooks in Korean classrooms is more 
significant because of more use of textbooks by tea-
chers and students. Since the understanding of the Na-
ture of Science has been a critical goal in science 
education across the nations, there is a strong need for 
conducing Korean elementary science textbooks ana-
lysis to examine how the Nature of Science is presented 
in the textbooks. Significantly, since the elementary 
school science is very important to construct students’ 
scientific attitude and literacy, it is essential to include 
authentic views of the Nature of Science in elementary 
science textbooks. 

It is important to note that individuals often conflate 
the Nature of Science with science processes and in-
quiry skills (Abd-El-Khalick, Bell, & Ledermann, 1998). 
While scientific processes such as observing and in-
ferring are related to the collection and interpretation 
of data in scientific activities, the Nature of Science 
refers to the epistemological commitments underlying 
the activities of science. Consequently, it can be said 
that individuals’ scientific processes are often influenced 
by ones’ understanding of the Nature of Science. Because 
elementary science textbooks in Korea seem to empha-
size heavily on the science processes and inquiry skills, 
it is important for authors of science textbooks to dis-
tinguish the two even though there is overlap and inte-
raction between science processes and Nature of Science.
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