
ABSTRACT

This study investigates differences between a curriculum
based on the National Science Education Standards and
curricula following two traditional textbooks. Earth
System Science in the Community (EarthComm) and the
"most used" high school earth science textbooks in the
United States and Korea were analysed in terms of
general features, questioning style, and level of
laboratory activities by two experts using Textbook
Questioning Strategies Assessment Instrument and
Herron's four levels of activities. The inter-rater
reliability varied from 0.91 to 0.97 for questioning style
depending on each individual book and 0.99 for
laboratory activities. The results showed that the
standards-based curriculum EarthComm included the
largest number of pages and laboratory activities with
the least number of chapters and concepts among the
three textbooks compared. The standards-based
curriculum included by far more questions and the
largest percentage of experiential questions compared to
both of the most-used traditional textbooks.
Non-experiential questions tend to be "open-ended" in
standards-based curriculum, "direct information" in the
Korean textbook, and both "open-ended" and "direct
information" in the most used U.S. textbook.
Higher-order questions are featured in standards-based
curriculum, which call for inferences and application.
These findings explicitly stress that high school earth
science textbooks should be inquiry-oriented in teaching
and learning. The study further discusses its meanings
and implications for student learning in earth science.

INTRODUCTION

While Earth System Science in the Community
(EarthComm) (Smith, et al., 2001) has emerged as an
alternative to the traditional curriculum, a study of how
the EarthComm program meets the visions elaborated in
the National Science Education Standards has yet to be
conducted. Traditionally, over 90% of all science teachers
report that they rely almost entirely on textbooks for
their teaching. Several studies have indicated the
centrality of textbooks in teaching and learning (Yager,
1983, 1992; Shymansky and Kyle, 1992; Harms and
Yager, 1981; Stake & Easley, 1978; Weiss, 1978; Helgeson,
Blosser & Howe, 1977). This over-dependence creates
problems in relation to stated learning goals as well as in
illustrating the central ingredients of science.
Overwhelming dependence on textbooks in teaching
and learning has been criticized as causing the failure of
many past reform efforts. More than two decades ago,
Yager (1980) defined this almost complete dependence of
science teaching on a single textbook as the essence of the
current crisis in science education. 

Many attempts have been made to diminish
teachers' dependence on textbooks (Hurd, 1994; Kahl
and Harms, 1981). One of the attempts is to develop a
new curriculum that reflects and facilitates use of

students' experiences in their own communities and
focuses on topics that affect their lives. EarthComm is a
new national curriculum for high school earth science in
which the content of each unit is community-based.
Unlike other curriculum projects of earth science, the
essence of EarthComm is its focus on the visions
provided in the National Science Education Standards
(NSES). This study was undertaken to provide evidence
concerning the congruence of the EarthComm
curriculum with the visions of reform provided by the
NSES. Because the program uses recommendations
elaborated in the NSES, it is expected that the visions
outlined in the standards will be easily found. 

For the study, three textbooks were analysed for the
specific purpose of comparison which mainly focused on
differences between a standards-based version and
traditional ones. The EarthComm curriculum claimed
that the suggested visions from the NSES Standards with
respect to content, teaching, assessment, and
professional development were to have been evident and
embedded throughout the EarthComm materials. The
questioning style and level of laboratory experiments
that are key elements of the NSES (NRC, 1996) were used
as two indicators for determining the match between the
visions elaborated in the NSES and the EarthComm
materials. The purpose of the study was to compare the
EarthComm curriculum with one of the most used
textbooks in the U.S. and Korea with regard to general
features, questioning types, and level of laboratory
activities. Korean students achieve high in sciences
according to the international studies (Beaton, et. al,
1996; Martin, et al., 2000a); therefore the Korean high
school earth science textbook was chosen. 

THEORETICAL UNDERPINNINGS 

The science textbook has long been a key issue in science
instruction. As many reports have indicated, the
textbook plays a dominant role in science teaching and
heavily influences choice of concepts as well as how they
are taught. Stake and Easley (1978) summarized the
situation by stating, "Textbooks commanded teachers'
and students' attention. In a way, they virtually dictated
the curriculum. The curriculum did not venture beyond
the boundaries set by the instructional materials." This
overwhelming reliance on textbooks in science teaching
and learning misled students as they became the only
authoritative source of knowledge (Stake and Easley,
1978, p.13:59). Yager (1983) argued that textbooks lock
teachers in a belief that the instructional process of
lecture, question, and answer is guaranteed to produce
knowledgeable students. He concluded his research with
the statement, "The status of science education can be
summarized in a single word: textbooks" (Yager, 1983,
p.578).

Stinner (1995) also pointed out three shortcomings
from the current trends concerning science textbooks.
First, the typical belief about textbooks implicitly
promotes the empiricist-inductivist view of science that
law and discoveries are guaranteed results of scientific
observation. A second shortcoming is the belief that
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lecturing in class is guaranteed to produce certain
knowledge for students. Third, most textbooks are
content-driven rather than focusing on laboratory
experiments. Many research studies point to the general
failure of textbook-centered science teaching and
learning. For instance, Renner et al. (1990) reported that
61% of students showed no understanding and frequent
misunderstanding after being taught concepts only with
a textbook. Wandersee (1988) also found that because
college-level teaching is textbook-centered, only 6% of
college students made a link between prior knowledge
and the new concepts when they read a textbook. 

Along with changes in the curriculum, the teacher
also becomes a focus of reform. Teacher behaviors are
influenced by the curriculum, including textbooks (NRC,
1988). Therefore, it is critical that teachers are able to
analyze, evaluate, and supplement the curriculum and
textbooks. The researchers in this area suggest a
sequence of criteria for textbook analysis (Chiappetta et
al., 1991; Exline, 1989; Staver and Bay, 1987; Doran and
Sheard, 1974). Specifically, Doran and Sheard (1974) state
that textbook analyses should be based upon "the course
objectives, the instructional setting, and student needs,
interests, and capabilities" (p.31). These studies
emphasize not only the curriculum goals and content
reflecting the contemporary scientific conceptions and
learning theories but also the role of teachers in selecting
textbooks. Similarly, Renner (1972) pointed to the need to
recommend three kinds of key knowledge to be
addressed and incorporated into the textbook of the
future: 1) The findings of modern learning theories about
the nature of the learning process, 2) The contemporary
image of the nature of science involving understanding
scientific conceptions, principles, theories, and laws as
human endeavors, and 3) The diverse connections
between scientific conceptions and discoveries, and
between technology and society. From Renner's (1972)
point of view, it is expected that textbooks must contain
the currently accepted learning theories in science
education and scientific conceptions about nature. 

Earth science education has not been a major player
in the current science education reform efforts. Fewer
than 10% of the nation's high schools offer earth science
courses. Exline (1998) identified several factors which
caused this situation including shortage of certified
professional teachers, many states lacking teacher
certification standards, unavailability of appropriate
professional development programs for earth science
teachers, inappropriate earth science instructional
resources, and many states having no outline of
requirements for an earth science curriculum. Research
showed this national deficiency in earth science exists
throughout the United States (Mayer, et. al., 1992; Mayer,
1991; McGinnis, 1991; Woerner, 1991; Matthews, 1968;
Ireton, 1994). All of these researchers singled out the lack
of appropriate textbooks and qualified earth science
teachers as the major problem. Student interest and
achievement in earth science waned and decreased
because of the lack of appropriate textbooks as well as
qualified earth science teachers (Mayer, 1991). 

METHODOLOGY

Sample Selection - The three textbooks used for
analysis are 'Earth System Science in the Community
(EarthComm) (Smith, et al, 2001)', 'Earth Science (Kim, et
al, 1995)' which is one of the most used in Korea, and
'Modern Earth Science (Sager, et al., 1998)' which is one of

the most used textbooks in the U.S. The latter two
textbooks were chosen as traditional textbooks which are
non standards-based. Unlike the school curriculum in
the United States, Korea has a national standard
curriculum; and Korean students always outscored the
students in other countries in science tests (Martin, et al.,
2000a). Korean students study with a national
curriculum for earth science that is as much
information-oriented as is often seen in traditional
American curricula. So these three textbooks were
selected for comparing questioning style and level of
laboratory activities. 

Lowery and Leonard (1978a) recommended a
random sample of 10% to 15% of the total pages to
represent a text with 300-500 pages. They recommended
using a sample of 5% of the total text with over 500 pages.
According to the suggestion of Lowery and Leonard, a
sample of 48 pages of the entire text of EarthComm (964
pages in total) was randomly selected and used for data
analysis, 46 pages from the Korean Earth Science
textbook (a total page of 463), and 36 pages from Holt's
Modern Earth Science textbook (714 pages in total). The
precise pages selected to achieve the recommended
percentage were obtained by utilizing a table of random
numbers. The random number selected was skipped if
the sentences on a given page comprised less than half
the page. Another page number was then selected. 

Comparison Form of Three Textbooks - Several
factors were selected for analysis in terms of general
features of EarthComm and the two other major
textbooks. These included number of units, total pages,
number of topics, concepts, and number of questions.
These characteristics representing the structure of a
textbook are helpful to understanding how content
knowledge is combined with contemporary learning
practices (AAAS, 1989; Aldridge, 1989). The Comparison
Form was simply designed to locate the differences
among the three textbooks. The comparison features
were counted and recorded on the form for all the pages
of each of three textbooks. Descriptive statistics were
used to explain the results of these comparisons. 

Questioning Style - Lowery and Leonard (1978a)
developed an instrument called Textbook Questioning
Strategies Assessment Instrument (TQSAI) with funding
from the National Science Foundation. TQSAI was used
for examining textbooks in terms of styles and possible
effectiveness of the questions and processes used in
textbooks (see Box). The measurement results provided
useful information for selecting textbooks. Two Ph.D.
candidates in science education who were not involved
in this textbook development served as a panel of raters.
They evaluated the EarthComm curriculum artifacts
with the two other textbooks concerning types of
questions and the science/learning processes. Raters
evaluated each question by using two-dimensional grids
upon which items could be tallied from a random sample
of pages from each textbook being assessed. 

Before beginning their evaluation, the two
evaluators were trained by the author through a
discussion about each component comprising TQSAI.
Training continued until 90% agreement among the
raters was achieved for a sample out of the EarthComm
curriculum. Ten percent of the pages of a random sample
of the textbooks were then used to establish the
inter-rater reliability. Two of the raters independently
did the categorization at the same time for all questions
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included in each book of sample pages. The agreement
achieved for the question categories was 0.93
(EarthComm), 0.97 (Korean Earth Science), and 0.94
(Holt); while the agreement for the science/leaning
processes was 0.91 (EarthComm), 0.93 (Korean Earth
Science), and 0.93 (Holt). 

Level of Laboratory Activities - The laboratory
activities in the EarthComm curriculum were assessed as
to levels of openness, which is a classification scheme of
laboratory activities designed by Schwab (1962) and
elaborated further by Herron (1971). Four different levels
of activities were suggested as criteria, i.e., Level 0-3.
Each level is determined by openness of question,
ways/means, and answer. For instance, level 1
laboratory activity is one that questions and
ways/means are given with only answers open. Table 1
shows Herron's level of openness of laboratory activities.

This scheme is useful especially in discussing the
level of inquiry activities because inquiry itself is
multi-dimensional in understanding and performing.
Similar to questioning style studies, rating training
continued until 90 percent of agreement between the
raters was reached. The laboratory activities were chosen
and counted within a sample of 10% of the pages from
each of the three curricula. Two raters read the activities
and determined the level of openness by the descriptions 
of classification. A comparison in percentages was made
among three books. Two raters separately made the
judgment concerning level of the laboratory activities for
each of the three curricula. The agreement between raters
was used to provide the inter-rater reliability. The
agreement was 100% for all three textbooks used in this
study.

RESULTS

General Features of Three Textbooks - Comparisons
general features of three textbooks were made to
illustrate how they differ. The results of the comparisons

are displayed in Table 2. The percentage represents the
occurrence of the feature per page in each book. Of the
three selected textbooks, EarthComm includes the least
number of units and chapters while the Holt's earth
science textbook includes the largest number of chapters.
The Korean and Holt's textbooks included more than
twice the number of chapters and topics than the number
included in EarthComm while EarthComm included
more total pages. EarthComm included the least number
of topics (sub chapter headings) while including the
largest number of laboratory activities. The Holt's earth
science textbook had the largest number of topics to deal
with during the course of earth science teaching. The
Korean text included the least number of laboratory
activities, apparently focusing on knowledge
transmission rather than encouraging understanding
which arises from inquiry activities about the natural
world.

In order to investigate the differences listed in Table
2, the concept of plate tectonics was selected as one
example for comparison of each book because it is one of
the most common topics for understanding a great
variety of geological phenomena in earth science.
Although plate tectonics is not representative of other
topics, it meets the purpose of comparison of the three
curricula as one example. EarthComm includes nine
times more pages (58 pages) than that of the Korean
textbook (6 pages) in dealing with this concept. Yet,
EarthComm includes fewer concepts (0.35 per page)
related to plate tectonics compared with the other two
textbooks (1.5 per page for Korean and 1.53 per page for
Holt 15 pages). This occurs because EarthComm
provides a greater number of pages with many pictures
while it focuses on fewer concepts. 

Questioning Style - The questioning style (see
definitions in Box) used in each of three textbooks was
compared. This was studied since higher-order
questions are considered one of the key elements for
reforming science teaching which is emphasized in the
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Level Problems Ways/Means Answers
0 Given Given Given
1 Given Given Open
2 Given Open Open
3 Open Open Open

Table 1. Level of openness of laboratory activities.

Features
EarthComm (964 pages) Korean Earth Scince

(463 pages) Holt Earth Science (714 pages)

Number Percent ** Number Percent ** Number Percent **
Units 5 0.5 % 8 1.7% 8 1.1 %

Chapters 15 1.6 % 17 3.7% 30 4.2 %
Topics * 120 12.5 % 155 33.5 % 273 38.3 %

Laboratory
Activities 84 8.7 % 15 3.2 % 40 5.6 %

Table 2. Comparison of general features for all pages included in the three selected Earth Science textbooks. *
Unit is consists of chapters. Chapter is consisted of topics. Topic means sub chapter headings. Use of these
terms is, for instance, Oceans (Unit), The Ocean Basins (Chapter), Features of the Ocean Basins (Topic), and
Continental Shelf (Concept). ** Demonstrated percentage means only a portion per page of each book. For
instance, units of EarthComm are 5. The percentage of 0.5% is calculated as follows: (5/964) x 100 = 0.5%.
This method is used to compare features of each curriculum. Thus, the percentage does not necessarily come
to 100% in total because it represents only a ratio of a portion of each feature. 



NSES. Data collected for the comparison of question type
were analysed to determine the degree that each met the
visions outlined in the NSES. The comparison of
questioning style used in three textbooks was made
using the TQSAI (Lowery and Leonard, 1978a). The
sample pages were selected according to suggestions
made by the TQSAI developers, which considers the
varied number of total pages in each book. The results
are presented in Tables 3, 4, and 5. 

Frequency of Questions - The results concerning the
number of questions and the percentage of questions to
sentences are displayed in Table 3. Of the three selected
earth science textbooks, EarthComm includes the largest
number of questions while the Korean textbook asks the
lowest number of questions. Specifically, EarthComm
had the highest percentage (16.3%), the Korean textbook
had the lowest (7.5%) of questions to sentences, and the
percentage of questions included in the Holt's textbook
was 11.4%. 

Frequency of Experiential and Non-Experiential
Questions - Experiential questions are questions that
ask students about what they experienced in the
experimental activities. For instance, "What patterns do
you observe from this experiment?" is one example of an
experiential question. An example of a non-experiential
question is, "what is a fault?" The percentages of
experiential questions for all the identified questions are
presented in Table 3. It can be seen that EarthComm

(76.8%) includes more than 12 times the percent of
experiential questions found in the Korean textbook
(6.9%). The Holt's textbook also includes a low percent of
experiential questions (18.2%) compared to the
EarthComm curriculum. 

The percentages of non-experiential questions for
the total numbers of questions included in each textbook
are reported in Table 4. Great differences in question
style in each textbook are noted. The Korean textbook
includes mostly direct-information type of questions
(79.3%) while EarthComm uses mostly open-ended
questions (17.2%). The questions used in EarthComm
focus more on experiential questions (76.8%) than on
non-experiential questions (23.2%). In contrast, the
Korean textbook uses fewer experiential questions (6.9%)
and includes mostly non-experiential questions (93.1%).
The Holt's textbook uses more non-experiential
questions (81.8%) than the experiential questions
(18.2%). As indicated in Table 4, no focusing questions
were found in any of the three textbooks and only one
valuing question was included in EarthComm. 

Ex pe ri en tial ques tions in cluded in each text book are
clas si fied in terms of sci ence/learn ing pro cesses with the
re sults dis played in Ta ble 5. Per cent ages were cal cu lated
for the num ber of ques tions in each cell com pared to the
to tal num ber of ques tions in cluded in each text book. The
ex pe ri en tial ques tions in cluded in EarthComm are at
both lower-order (ob serv ing, com mu ni cat ing, com par-
ing, and or ga niz ing) and higher-order (ex per i ment ing,
in fer ring, and ap ply ing) hi er ar chy of sci ence/learn ing
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Textbooks with
Sample Pages

Number of
Questions

Number of
Experiential
Questions

Number of
Sentences

Percentage of
Questions per

sentence

Percentage of
Experiential
Questions

EarthComm 99 76 609 16.3 % 76.8 %
Korean Earth

Science 29 2 386 7.5 % 6.9 %

Holt Earth Science 88 16 733 11.4 % 18.2 %

Table 3. Comparison of percentages of questions per sentence and percentages of  experiential questions
included in a sample from the three selected Earth Science textbooks.

Textbooks with
Sample Pages Rhetorical Direct

Information Focusing Open-ended Valuing

EarthComm 0.2 % 3.0 % 0.0 17.2 % 1.0 %
Korean Earth

Science 6.9 % 79.3% 0.0 6.9 % 0.0

Holt Earth Science 3.4 % 32.9 % 0.0 45.5 % 0.0

Table 4 Comparison of the Types of Non-Experiential Questions Included in a Sample from the Three Selected
Earth Science Textbooks

Science/Learning Process EarthComm (5% Pages) Korean Earth Science
(10% Pages)

Holt’s Earth Science
(5% Pages)

Observing 9 0 0
Communicating 4 0 0

Comparing 10 0 2
Organizing 11 1 3

Experimenting 0 0 0
Inferring 37 1 8
Applying 5 0 3

Table 5. Comparison of the types of experiential questions in percentages iIncluded in a sample from the
three selected earth science textbooks.



pro cesses (Ebel and Frisbie, 1991; Mar tin, 1979). This pat-
tern is sim i lar to the hi er ar chy of ques tions in cluded in
the Holt's text book. The Ko rean text book in cludes only
two ques tions that are clas si fied as ex pe ri en tial ques-
tions. This num ber is too low to an a lyze in a mean ing ful
way.

In summary, EarthComm includes by far more
questions and the largest percentage of experiential
questions compared to both the Korean and Holt's
textbooks.

DISCUSSIONS AND IMPLICATIONS

General Features of Three Textbooks - EarthComm
includes the most pages and laboratory activities while
being organized with the least number of chapters and
concepts among the three earth science textbooks that
were analysed. This feature of EarthComm is evident
when the concept of plate tectonics is examined and
compared. With fewer concepts introduced in the
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Box  - Textbook Questioning Style Assessment Instrument (TQSAI)

A. Not Experiential

B. Experiential

Definitions of Types of Questions

On the TQSAI, the question categories are sequenced along a horizontal dimension. The categories are defined as
follows:

Rhetorical Questions: Questions that do not expect some participation by the reader. Such questions never require the
student to do anything, thus non-experiential and are tallied in a special cell on the TQSAI. 

Direct-information Questions: Questions that ask the reader to recall or recognize specific information (concepts,
principles, laws and so on) read, heard or previously discussed.

Focusing questions: Questions that contain clues that suggest what the expected response it to be. Such questions guide
the student toward an answer that the author wants to be developed in the student's own terms. 

Open-ended questions: Questions that do not indicate one expected answer. Such questions invite exploration of
relationships and consideration of meaning or implications.

Valuing Questions: Questions that ask the reader to make a cognitive or an affective judgment or to explain the criteria
used in an evaluation.

The science/learning processes are sequenced along a vertical dimension on the TQASI. They are defined as follows:
Observing: Questions that ask the reader to look, listen, touch, taste, smell, and the like. Such questions may ask the

reader how s/he felt or what thoughts were elicited. 
Communicating: Questions that ask the reader to verbalize, write, picture, and the like. Such questions may ask the

reader to furnish a name, offer a descriptive term, or verbalize a rule. They may ask the reader what was hopeful or to identify
the words that elicited a feeling. 

Comparing: Questions that ask the reader to compare lengths, weights, capacities, or times. Such questions may ask the
reader to identify similarities, to measure, to count parts, or to state a preference and the reason for the preference. 

Organizing: Questions that ask the reader to seriate, order, sequence, group, or classify. The reader may be asked to sort
into groups, to identify the basis for a grouping, or to provide criteria for a grouping.

Experimenting: Questions that ask the reader to hypothesize or to control and manipulate variables. The reader may be
asked to identify conditions necessary for results, or whether and when to change hi/her attitudes on the basis of new
evidence.

Inferring: Questions that ask the reader to synthesize, abstract, analyze, recognize patterns, predict, generalize, or to
formulate a theoretical model. The reader may be asked to furnish a reason for an occurrence, provide a conclusion, or to
identify the generalizations that apply. 

Applying: Questions that ask the reader to use his/her knowledge or to invent. The reader may be asked to embark upon
a course of action based upon a choice of alternatives. 

1.
Rhetorical

2.
Direct Information

3.
Focusing

4.
Open-ended

5.
Valuing

2. Direct
Information

3.
Focusing

4.
Open-ended

5.
Valuing

A. Observing
B. Communicating
C. Comparing
D. Organizing
E. Experimenting
F. Inferring
G. Applying



curriculum, EarthComm includes eight times more
pages than those included in the Korean earth science
textbook in the section concerning plate tectonics. This
trend regarding EarthComm exemplifies one of the
emphases of current reforms, namely 'less is more' as
envisioned in Science for All Americans (AAAS, 1989),
SS&C (Aldridge, 1989), and Iowa SS&C (Yager, 1996).
The message is that the teaching focus is not on "how
much to teach" but on "how to teach better" specific
content knowledge. In other words, EarthComm focuses
on teaching less in order to teach better. As seen in the
recommendations from Project 2061, teachers can
"introduce ideas gradually, in a variety of contexts,
reinforcing and extending them as students mature by
concentrating on fewer topics" (AAAS, 1989, p. xviii).
Therefore, the instructional philosophy of "less is more"
enables students to gain richer insights and deeper
understandings than the situation when students are
exposed to superficial coverage about more topics. 

In contrast, the Korean earth science textbook
includes the least number of pages and the least number
of laboratory activities. The Korean earth science
textbook apparently places more emphasis on
knowledge transmission rather than encouraging
understanding through a variety of laboratory activities.
Interestingly, TIMSS scores (Beaton, et. al, 1996; Martin,
et al., 2000a) showed that the Korean students did better
on the science test than the students in other
industrialized countries. With many attempts to explain
the reason, there are several factors to consider. First, we
cannot exclude the fact that the current assessment of
student knowledge and understanding in science
focuses on factual information rather than conceptual
understanding, including scientific reasoning and higher
order thinking skills. Second, the students are pressured
by societal and family expectations which constitute
compelling socio-cultural pressure on students' learning.
Martin, et al (2000b) concluded as follows: "The home
background of students and the affluence of the
communities in which they reside remain powerful
predictors of science and mathematics achievement. This
relationship is pronounced and persists across
international contexts (p.97)." Thus, Korean students'
home background and societal environment should be
considered in explaining their academic achievement.

Questioning Type - EarthComm possesses by far the
most questions, followed by the Holt and Korean
textbooks. This outcome indicates that the
standards-based curriculum tends to provide a higher
percentage of questions per page than the traditional
curricula.

Regarding the comparison of the number of
Experiential Questions, EarthComm includes by far the
most questions, followed by Holt and the Korean text as
presented. Lowery and Leonard (1978b) reported the
parallel indications with the above results in terms of
frequency of experiential questions. In their
investigation, the Biological Sciences Curriculum Studies
(BSCS) curriculum had more than twice the percent that
Modern Biology had. In Chiang-Soong (1988)'s study,
BSCS biology included 5.9% experiential questions while
Modern Biology included no experiential questions. In
addition, Physical Science Study Curriculum (PSSC)
included 12.0% experiential questions while Modern
Physics used no experiential questions. Piagetian
research indicates that direct and active experiences are
more valuable to students' learning than indirect and

passive experiences (Piaget, 1964; Lawson and Renner,
1975; Stavy, 1990). From this view, textbooks that include
more experiential questions than non-experiential
questions are considered to be desirable. 

One of the contrasting results with the studies of
Lowery and Leonard (1978b) and Chiang-Soong (1988) is
the percentage of questions used for science and learning
processes. As demonstrated in Table 5, EarthComm
includes a balance in using questions for both
lower-order (observing, communicating, comparing,
and organizing) and higher-order (experimenting,
inferring, and applying) hierarchy of science/learning
processes. In Lowery and Leonard's study, however,
none of the NSF-supported curricula asked "observing"
questions; instead, all are devoted to communicating and
"applying" questions. Chiang-Soong's study reported
that an NSF-sponsored curriculum mainly used
low-order hierarchy questions for science/learning
processes. The cause of this difference is understandable
when one considers that the questions examined in the
studies of Lowery and Leonard as well as Chiang-Soong
did exclude those included in laboratory investigations
where observing, experimenting, organizing might be
expected.

In general, science starts from formulating questions
that guide scientific investigations about the natural
world. Formulating different kinds of questions leads to
different investigations. As suggested in the NSES,
students should develop the ability to formulate and
refine broad questions in a way that they are explained
and predicted by scientific investigations. Therefore,
students should be offered many opportunities to have
their questions incorporated into scientific ideas and
concepts that lead to investigations. Active involvement
in formulating and asking questions promotes student
thinking (Marzano et al., 1988; Kleinman, 1965).
Teachers, instructional materials (including textbooks),
and even student peers can be facilitators for promoting
student thinking (Zoller, 1987; Dillon, 1982; Pizzini and
Shepardson, 1991). Therefore, it is desirable that
textbooks include more questions which promote
student higher-order thinking skills. Asking questions
that require higher-order thinking increases higher
cognitive responses (Martin, 1979), therefore the
developers of a new curriculum should consider
including as many questions as possible that require
higher-order thinking. Specifically, questioning among
students in science teaching resulted in promoting
student thinking and further, greater student
achievement (Kleinman, 1965; Taba, et al., 1964). The
visions outlined in the NSES imply that questions should
be divergent and require higher-order thinking skills
including "experimenting," "inferring," and "applying"
questions. The authors of EarthComm used many
higher-order thinking questions like "inferring" and
"applying" questions. As emphasized in the NSES,
inquiry into authentic questions generated from student
experiences is the central strategy for teaching science.
EarthComm starts with challenging students to identify
issues or concerns related to their local communities.
From this perspective, EarthComm is the most consistent
curriculum with the NSES visions among the textbooks
investigated in this study. 

Level of Laboratory Activities - All of the laboratory
activities examined in this study were determined at the
level 1 in which problems and methods/procedures are
given with answers left open. None of the three
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textbooks included higher-level activities, i.e., level 2 and
3. This result concerning the openness of an activity is
similar to the results found by Chiang-Soong (1988). In
her study, over 90% of activities provided in the junior
high school earth science textbook entitled "Focus on
Earth Science" were mostly at low level of openness (zero
or 1). In addition, for the science textbooks examined in
Chiang-Soong's study, more than 80% (100% for some
textbooks) of the laboratory activities were at level 0 and
1. They do not offer more open-ended laboratory
activities that promote inquiry and problem-solving
skills. If students do not understand the concepts that
underlie the processes of scientific investigation, then
they will fail to learn problem-solving skills which are
the essence of learning in the laboratory (Tamir, 1976).
Thus, students need to be offered opportunities to
practice a variety of inquiry and problem-solving skills
so that they become familiar with the concepts and
science processes. In reality, textbooks and laboratory
manuals are still dominantly used in school science
laboratories (Bryant, 2000). Therefore, it is desirable that
textbooks include more laboratory activities aimed at
familiarizing students with skills that are required in
scientific investigations. This perspective is congruent
with the visions recommended in the NSES. As defined
in the NSES, inquiry skills include "making observations;
posing questions; examining and reviewing what is
already known; planning investigations; using tools to
gather, analyse, and interpret data; proposing answers,
explanations, and predictions; and communicating the
results to others" (NRC, 1996, p. 175-176). These skills can
be met only when students frequently engage in "active
inquiries" (NRC, 1996, pp. 145). Specifically, the visions
outlined in the NSES regarding laboratory activities
indicated that students must actively participate in
scientific investigations, and they must actually use the
cognitive and manipulative skills associated with the
formation of scientific explorations. 

From this perspective, EarthComm remains
congruent with the NSES visions because it is a
laboratory activity-based curriculum in which the
content of all 15 chapters with 964 pages are provided in
the form of laboratory activities. However, the level of
laboratory activities in all three of the textbooks are low,
which means they do not offer students opportunities to
develop their understanding of concepts about the
processes that are required in scientific investigations.
For instance, formulating questions, making hypotheses, 
controlling variables, analyzing data, testing hypotheses,
establishing explanations, and communicating are all
important process skills to promote student higher-order
thinking. But these concepts are not easy to understand
nor easy to acquire. Practicing and familiarizing students
with inquiry activities should be the first step to meet our
hope to improve the current practices of teaching in earth
science, especially at the high school level.
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