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ABSTRACT: This paper describes a comprehensive set of studies designed to assess the
potential for commercia reading programs to teach reading in science. Specific questions
focus on the proportion of selections in the programs that contain science and the amount
of science that is in those selections, on the genres in which the science is portrayed,
on the areas and topics of science covered, on the accuracy of the scientific content, on
the text features used to communicate the science, and on the instructional strategies and
assessment techniques recommended. Thefindings show that commercial reading programs
have changed substantially from the days when they were dominated by literary texts and
contained hardly any science. Now, there is a variety of genres and scientific content
in about one fifth of the selections. The content is also generally accurate. So, there is
considerable potential offered by these programs for teaching children to read science.
Unfortunately, the findings also show that the recommended instructional strategies and
assessment techniques do little to capitalize upon this potential. In particular, the findings
demonstrate that, although most of the science is cast in the expository genre, most of
the recommended instruction and assessment is more appropriate to the literary genres.
© 2008 Wiley Periodicals, Inc. Sci Ed 92:765—798, 2008

INTRODUCTION

Scientistsread agreat deal. Reading is central to their professional lives, and the amount
they read is a decent predictor of their success. In a monumental work on communication
patterns of scientistsand engineers, Tenopir and King (2004) report one set of datathat show
scientists “ spend almost two thirds of their informational input time performing reading
activities’ (p. 159). The time amounts to 553 hours per year or 23.2% of total work time.
When speaking and writing are included in addition to reading, the scientists surveyed
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spent 58.1% of their time performing communication activities. It is not much of aleap to
conclude, as Tenopir and King did, that because “time is a scarce resource, this amount of
time spent was an indicator of the value of the information gained from reading” (p. 130).
They cite considerable additional evidence to show that the amount of reading by scientists
has changed little over the past six decades for which data are available. They continue
to report further evidence that scientists rate reading as essential to their research and as
the primary source of creative stimulation. Indeed, the award-winning and high-achieving
scientists read more than others (p. 119). It is, therefore, important to science education to
know how well the reading of science istaught in schools.

This paper addresses one aspect of the concern by describing a comprehensive set of
studies assessing the potential for commercial reading programsto teach reading in science.
More specifically, the studies explored the support for teaching and learning how to read
scientific text provided by the three Grade 1-Grade 6 commercial reading programs used
in Canada wholly or in part by more than 90% of teachers, a figure based upon written
correspondence we conducted with the 13 provinces and territories. The three programs
are (@) Cornerstones Canadian Language Arts by Gage Educational Publishing Company
(1998-2001), (b) Collections by Prentice Hall Ginn Canada (1996—2000), and (c) Nelson
Language Arts by Nelson Thomson Learning (1998—-2001). These remain the most current
versions provided by the publishers.

We provideabackground that |ooksfirst at the changesthat commercial reading programs
have undergone over the past three decades or so, and why those changes support the need
for this study. Second, we review what we know about critical reading ability among adults
in the area of science, and then assess this ability in terms of broadly accepted goals of
science education in democratic and industrialized societies. Third, we outline our view of
reading and of scientific literacy, and of how both are related through inquiry. The second
and third sections show why instruction in science reading isimportant. Fourth, we provide
and discuss the results of a detailed analysis of the commercial reading programs directed
toward the following questions:

How many and what percentage of selections contain scientific content?

What proportion of each selection containing scientific content is science?

In what genres of writing does the scientific content appear?

What areas and topics of scientific content are contained in the programs?

How scientifically accurate is the content?

What use is made of various text features for communicating science?

What types of instructional guidance are offered for teaching reading when the
content is science?

8. What types of assessment techniques are suggested and what might be their useful-
ness in fostering scientific literacy?

NouokrwbdhpE

Thefirst six of these questions deal with aspects of the scientific textsthat occur in commer-
cial reading programs, and the latter two questions deal with curricular and instructional
issues pertaining to their use. Finally, we draw some conclusions and implications for
educational policy. Our attempt here is to provide a report that integrates all aspects of a
multiyear series of studies.

BACKGROUND

Commercial Reading Programs

Language arts instruction (including reading, writing, speaking, and listening) occupies
the highest proportion of instructional timein Canadian Grade 1—6 classrooms, anywhere
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from 25% to 35% depending upon province or territory according to their Web sites current
at the time of writing. This proportion compares to about 10% for science. Therefore,
language artsinstruction and teachers can be very important resources for fostering reading
in science. Commercial reading programs provided the dominant materials used for reading
instruction in North American elementary classrooms throughout most of the 20th and into
the 21st century (Dole & Osborn, 2003; Phillips, Smith, & Norris, 2005; Smith, Phillips,
Leithead, & Norris, 2004; Smith, Phillips, Norris, Guilbert, & Stange, 2006), and many
teachers dtill rely heavily on commercia programs for much of their reading instruction
(Morrow & Gambrell, 2000; Moss & Newton, 2002). These programs are pervasive, their
influence extends in one form or another to almost all reading instruction across the
curriculum, and, therefore, the examination and analysis of them is crucially important
to science education policy with regard to reading in science.

The literature-based movement had a significant effect on basal reading programs in
the United States over the past three decades (Cullinan, 1987; McCarthey et a., 1995).
The movement toward literature-based instruction called for the use of authentic texts
in classrooms, including informational texts such as magazine and newspaper selections
(McCarthey et a., 1995). Some state education departments called for literature-based
reading programs, and publishers responded by producing anthologies that included large
quantities of children’sliterature (Hoffman et a., 1994; McCarthey et al., 1995; Reutzel &
Larsen, 1995).

As a response to what eventually came to be seen as an overemphasis on literature,
there have been repeated calls for inclusion of moreinformational text in children’sreading
instruction (e.g., Christie, 1987; Duke, 2000; Pappas, 1991, 2006). The range of litera-
ture frequently provided has consisted mainly of fictional narrative texts (Moss, Leone,
& Dipillo, 1997), and this predominance of narrative in the early elementary grades has
been challenged by calls for varied experiences with other text types, particularly expos-
itory or informational (Duke & Bennett-Armistead, 2003; Duthie, 1994; Yopp & Yopp,
2000). The foremost argument in this challenge points to the ubiquity of informational
text in society, necessitating early exposure to build background knowledge, vocabulary,
awareness of different text structures and features, and other types of knowledge essential
for full access to literacy. Affective and motivational reasons also have been advanced
for a greater emphasis on nonliterary texts (Doiron, 1994) as well as reasons relating to
increased reading achievement (Guthrie et a., 1998). Gender concerns reinforce the need
for more informational text, because evidence that boys are less enthusiastic about reading
(particularly fiction) presents yet another serious challenge to the extensive use of fiction
(Millard, 1997). Thus, thereis aheightened awareness of the need for increased exposureto
informational textsin the early grades. Each of the changes in perspective and attitude that
have marked the history of commercial reading programsin the United Statesismirroredin
Canadian history (Phillips et al., 2005) and in the history of other countries (e.g., Littlefair,
1991). Therefore, the analysis we present has significance and relevance much beyond
Canada.

In current reading program guides, the inclusion of informational text is justified on the
grounds that it affords students the opportunity to read a variety of genres and language
forms. For example, the program overview for a Grade 6 unit of study found in theteacher’s
guide Choosing Peace says: “An important part of the unit is to teach students to ‘read’
graphics such as diagrams, charts, photos, and graphs—often an important component of
technical information in other curriculum areas’ (Nelson Language Arts, 1998, p. 63). In
many teacher’s guides, reference also is made to the goal of developing cross-curricular
learning links. The Cornerstones program advances this principle asfollowsin itsteacher’s
guide for Grade 6:
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Learning as an integrated whole has become a major philosophical understanding in the
development of curriculum.... Each anthology contains science and socia studies focus
units. These units create learning opportunities which introduce, reinforce, or revisit con-
ceptsevident in these curricula. The significant inclusion of non-fiction sel ections promotes
learning opportunities that allow educators to foster various cross-curricular connections.
(Cornerstones Canadian Language Arts, 1999, pp. VI-VII)

In a preview of cross-curricular links in Level G of the Grade 2 teacher’s guide, we
find stated, “Activities develop scientific skills in observation, reading information text,
researching, and record-keeping (e.g., charts, cyclediagrams)” (Nelson, 1999, p. 131). The
Teacher’s Resource Module for the Grade 5 unit Weather, wings, and kite strings claimed
to “help students devel op concepts pertaining to the understanding of

® weather with its changes in the seasons and conditionsin the sky

® birds and their habitsin the wild and in relationship with people

e flight and how people have made use of its principles with kites, planes, and hot air
balloons. (Collections, 1999, p. 2)

Are such claims warranted? I nvestigation into the types of text included in commercial
readersis limited. Most existing research predates the contemporary push for inclusion of
more nonfiction and informational textsin literacy instruction (e.g., Flood & Lapp, 1987;
Flood, Lapp, & Flood, 1984; Moss & Newton, 2002; Murphy, 1991; Schmidt, Caul, Byers,
& Buchmann, 1984; Smith, 1991). Results of these studies point to a literary emphasis
on the materials contained in reading programs, but do not reveal whether publishers have
responded to the more recent calls for greater diversity in genre choice. In particular, are
students being exposed to text with a scientific context, and if so, how much exposure are
they receiving? Are they being taught to read scientific text? Except for findings reported
from our own research (Phillips et a., 2005; Smith et al., 2006), we know of no research
addressing these questions.

Young Adults’ Reading of Science

High school and junior high school teachers generally assume that their students can read
scientific and other nonfiction texts, although many students have great difficulty doing so
(Peacock & Weedon, 2002). Moreover, when students graduate from high schooal, it is
desirable that they be able to read the sorts of science materials useful for lifelong learning
of science and democratic participation. For example, it would be beneficial if they could
read media reports of science, notices of counterindications to drug therapies, proposals
for environmental protection associated with a neighborhood development, and the like.
Thereis also an assumption on the part of many teachers that learning to read takes place
in primary and elementary school (Abell & Roth, 1992; Brickhouse, 1990; Heselden &
Staples, 2002; Pappas, 2006). Such a belief lies at the root of a legendary, and perhaps
fictional, high school teacher's statement: “1 assign reading; | don’t teach it.” Junior high
school and high school content area teachers, science teachers among them, simply do not
see the teaching of reading as part of their jobs (Wellington & Osborne, 2001).

However, several surveys of senior high school students and young adults belie the
assumptions that the students can read scientific text. Research (e.g., Norris & Phillips,
1994b; Phillips & Norris, 1999; Penney, Norris, Phillips, & Clark, 2003) has shown that,
although senior high school and undergraduate university studentstend tointerpret correctly
observation statements, statements of method, and predictions when they read science,
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they show weakness in a number of other critical reading skills. Specifically, they tend
to demonstrate a certainty bias, which leads to attributing a greater level of certainty to
statements than was actually reported, to confuse causal and correlational statements, to
confuse descriptions of phenomena with explanations of them, and to fail to distinguish
evidence from conclusions based on the evidence. Thereis a pattern to these strengths and
weaknesses. When the reading involves material that can be interpreted in isolation—facts
about what was observed or done, statements about the future (tense is a give away)—then
they perform fairly well. When the reading requires integrating information from different
parts of the text and seeing the connections between them, they perform significantly less
well.

Scientific Literacy

National science education goals in many countries presume a citizenry that can read
better than isindicated in the studies cited in the previous section. To achieve these goals,
it makes sense to start teaching in the early school yearsthe skills necessary to read science
critically. We see some support for such teaching in national standards, both in the United
States (National Research Council [NRC], 1996) and elsewhere (Council of Ministers of
Education, Canada [CMEC], 1997; Millar & Osborne, 1998). For example, the National
Science Education Standards (NSES; NRC, 1996) call for morethan “scienceasprocess,” in
which studentslearn such skillsas observing, inferring, and experimenting. These standards
emphasize that inquiry is central to science learning. In addition, the standards document
claimsthat scientific literacy has become a necessity for everyone because everyone needs
to use scientific information to make life choices, everyone needs to engage intelligently
in public discourse and debate about important issues that involve science and technol ogy,
and everyone deserves to share in the excitement and persona fulfillment that can come
from understanding and learning about the natural world.

We endorse all of these goals. However, we have a nagging feeling that something
is missing: nowhere in the NSES (NRC, 1996) is there a sense that reading (we shall
concentrate on reading, but much of what we say applies also to writing) is itself part of
scientific inquiry. This observation motivates a number of questions. When and how are
peopl e taught to use scientific information to make life choices? When and how are people
taught to engage in public discourse? When educators use the term “scientific literacy,”
do they consider that reading is somehow centrally involved? This is not just a question
relevant to science education standards in the United States: it is also relevant in Canada
(CMEC, 1997) and in the United Kingdom (Millar & Osborne, 1998).

Science educators and teachers accept that reading is involved at least as a tool for
learning and doing science. To demonstrate that reading is more centrally involved in
scientific literacy than this, we need to look into the meaning of reading. Consider the
following simple view of reading as an opening hypothesis. Reading is being able to rec-
ognize words correctly and to locate information in the text. There is strong reason to
believe that teachers unwittingly foster this simple view of reading, despite over 5 decades
of research showing that skilled word recognition is not reading. “Although. . . skilled
decoding is necessary for skilled comprehension. . . decoding is not sufficient. . . Despite
the plethora of research establishing the efficacy of comprehension strategies instruction,
very little comprehension strategies instruction occurs in elementary schools’ (Collins
Block & Pressley, 2002, pp. 384—385). Indeed, Pressley and Wharton-McDonald found it
necessary to challenge “the myth that children will be able to comprehend a text simply
because they can decode words in it” (1997, p. 448). In children’s minds, the simple view
engenders a belief that “reading is being able to say the words correctly, a passage of
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unrelated words [seems] just as readable as an intact passage” (Baker & Brown, 1984,
p. 359). Teaching according to the simple view of reading leads students both to an in-
flated view of their ability to read and to the impression that science does not have to
make sense. It does not attend to understanding, cannot distinguish cases of understanding
from failure to understand, and does not resemble the reading that scientists do in their
work.

Scientists read and write a great deal of the time. When reading, they puzzle over the
meanings of what other scientists have written; question their own and other scientists
interpretations of text, sometimes challenging and other times endorsing what is written;
and they make choices about what to read, how closely and critically to read, and about
what to seek in their selections. When writing, they ponder phrasing that will capture what
they mean, often constructing what they mean while they write; search for expressions that
will carry the level of exactness they intend; choose words carefully to distinguish between
degrees of certainty they wish to express; and select genres to describe what they did to
collect their data and to provide justifications for their methods (see Tenopir & King, 2004,
for athorough account of scientists' reading and writing activities and preferences). These
activities of constructing, interpreting, selecting, and critiquing texts are as much a part of
what scientists do as are collecting, interpreting, and challenging data. These activitieswith
text areasmuch apart of scientificinquiry asare observation, measurement, and cal cul ation.
All theactivitiesrely oninterpretation and understanding, not just on recognizing wordsand
locating information. Yet much of thereading in science instruction dealswith textsin ways
that do not foster the sort of critical reading that we are contemplating (Ford, Brickhouse,
Lottero-Perdue, & Kittleson, 2006; Kesidou & Roseman, 2002; Rowell & Ebbers, 2004).

Given the complexity of these literacy activities, we propose an alternative definition of
reading that fitswell withtraditional goals of science education. Returning to what scientists
do when they read, we can see that interpreting atext isacomplex task: taking into account
all the relevant information; applying criteria for judging the adequacy of interpretations;
and judging whether aproposed interpretation explainsthetext and is consistent with known
facts, whether alternative interpretations are inconsistent with known facts, and whether the
proposed interpretation is plausible. Thisisinquiry. So, we conclude, reading is inquiry—
analyzing, critiquing, and interpreting text involves the principled interpretation of text
by areader who infers meaning by integrating text information with relevant background
knowledge.

Reading is best understood as a constructive process. However, we reject the relativism
associated with some versions of constructivism. Readers should adopt a critical stance
toward text by engaging in interactive negotiation between the text and their background
beliefs in an attempt to reach an interpretation that, as consistently and completely as
possible, takes into account the text information and their background beliefs (Phillips &
Norris, 1999). It is in the fashioning of interpretations that our position is constructivist,
and in the fashioning under constraints of consistency and completeness that our position
is not relativistic. We, thus. see reading as the principled interpretation of text.

According to asimple view, reading is knowing all the words and locating information
in the text. By contrast, we maintain that reading is not a smple concatenation of word
meanings; is not characterized by a linear progression or accumulation of meaning as the
text is traversed from beginning to end; and is not just the mere location of information.
Rather, reading depends upon background knowledge of the reader, that is, on meanings
from outside thetext; it is dependent upon relevance decisions all the way down to the level
of theindividual word (Norris & Phillips, 19944); and it requires the active construction of
new meanings, contextualization, and the inferring of authorial intentions (Craig & Yore,
1996). In short, reading shares the features of all inquiry (Norris & Phillips, 1987).
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If reading is as expansive as we describe, then reading involves many of the same mental
activities that are central to science (Gaskins et a., 1994). Moreover, when the reading is
of science text, it encompasses a very large part of what is considered doing science. It is
not all of science, because it does not include the manipulative activities and working with
the natural world that are so emblematic of science. However, the relationship between
reading and science isintimate. If science teachers continue to show little concern for text,
see reading as merely atool to get to science, or see reading as unimportant, then they are
likely unwittingly to underestimate the complexity of reading in science.

We can now answer more clearly the question of whether reading is centrally involved in
scientific literacy. We find it useful to distinguish between scientific literacy in its derived
sense, referring to scientific knowledgeability and being learned and educated in science,
and scientific literacy in its fundamental sense, referring to the ability to read and write
when the content is science (Norris & Phillips, 2003). Usually, it is the derived sense
that is meant: the fundamental sense is overlooked. However, it is scientific literacy in the
fundamental sensethat makesit possibleto have scientific knowledgein thefirst place. That
iswhy it isfundamental. The upshot isthat, if scientific literacy isagoal, then an important
place to start achieving it is to teach reading and writing in the context of science. Being
able to read (i.e., analyze, critique, and interpret text) when the content is science is what
isrequired “to use scientific information to make life choices,” and “to engage intelligently
in public discourse and debate about important issues that involve science and technol ogy,”
which the NSES claims are primary reasons for teaching science. Therefore, thinking of
reading as inquiry helpsto clarify what some National Science Education Standards mean
and to thereby think more concretely about how they might be achieved. It is this sense of
reading that we had in mind when we analyzed the commercial reading programs.

GENERAL METHOD
Data Sources

The ministries of education in all 10 Canadian provinces and 3 territories were asked
to identify the current and most extensively used commercial reading programs in Grades
1-6. Each jurisdiction identified at least one of the following programs: (a) Cornerstones
Canadian Language Arts by Gage Educational Publishing Company (1998—2001), (b)
Collections by Prentice Hall Ginn Canada (1996—2000), and (c) Nelson Language Arts by
Nelson Thomson Learning (1998—2001). At thetime of writing, these programs were those
supplied by each publisher. Compl ete program setswere obtained for thisresearch. Each set
contained teacher’s guides and student books. The content contained in the student books
and teacher’s guides was the focus of this investigation. Neuendorf’s Content Analysis
Guidebook (2002) was used as a source for procedures.

Development of Classification and Coding Frameworks

For each of the eight research questions, aclassification or coding scheme was devel oped.
These schemeswere used to classify selectionsand parts of selectionsin each of the student
books as follows:

1. containing or not containing scientific content,
2. proportion of scientific content,

3. genresof text,

4. areas and topics of scientific content,

5. scientific accuracy of the content,
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6. text features,
7. typesof instructiona guidance, and
8. types of assessment techniques.

The detailed procedures and reliability of classification are described for each question
under the following Specific Procedures, Results, and Discussion sections.

SPECIFIC PROCEDURES, RESULTS, AND DISCUSSION
(TEXTUAL QUESTIONS 1-6)

Unit of Analysis

In addition to teacher’s guides and a variety of ancillary materials, each reading program
contained a set of student books (anthologies). There were at least two student books per
grade for each publisher and a total of 72 books across the six grades and three programs.
Each student book comprised several selections, each identified by its own title, much as
chaptersin an edited book. The selections ranged in length from a page or two to ten pages
or so, with the longer selections tending to fall into the higher grades.

All selectionsin each publisher’s anthology were inventoried by grade. Each selectionin
the student books was associated with instructional materialsin the teacher’s guides. These
materials included directions and suggestions related to all aspects of literacy, includ-
ing reading instruction, writing instruction, assessment, text extensions through additional
information, project work, instructional modifications to address various student and con-
textual needs, links to the home, and integration with other curricular areas. Sometimes
more than one selection was associated with the same instructional material. However,
each selection was considered separately asaunit for analysis. There were 1,106 selections
coded for thisinvestigation.

Presence of Scientific Content

Wereviewed Benchmarksfor Scientific Literacy (American Association for the Advance-
ment of Science [AAAS], 1993), the Common Framework of Science Learning Outcomes
(CMEC, 1997), the Nationa Science Education Standards (NRC, 1996), and Science for
All Americans (AAAS, 1994) to determine the potential usefulness of each as a source
of criteria by which to judge whether selections contained or did not contain scientific or
technological content. We decided to include technology aswell as sciencein our search be-
causeit is so frequent nowadays to find the two associated in curricula and national science
education documents. The NSES was sel ected asthe primary resource document, becauseit
includes the clearest and most concise set of science content statements for the elementary
grades as well as a classification of these statements into categories and subcategories that
are easily distinguishable from one another. For example, the category, Physical Science,
contains the subcategories, Properties of Objects and Materials, Position and Motion of
Objects; and Light, Heat, Electricity, and Magnetism. The NSES was supplemented using

1 Different combinations of the authors worked on each question under the oversight of Norris and
Phillips. Guilbert and Stange worked most closely with the programsto identify the presence and proportion
of scientific content in the selections, theareas and topicsof science, and theuseof text features. Their coding
systems and judgments were corroborated in discussions with Norris and Smith. Smith, in collaboration
with Norris and Phillips, took primary responsibility for the genre categorization and identification of
instructional guidance and assessment techniques and the work of four student coders. Finally, Baker
and Weber, under Norris' oversight, took primary responsibility for coding the scientific accuracy of the
selections, including the development of needed classification schemes.
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TABLE 1
Categories, Subcategories, and Keywords for Classifying Science Content

1. Life science
a. Characteristics of organisms (basic needs, structures and functions, senses)
b. Life cycles of organisms
c. Organisms and their environments (ecosystems and survival, patterns of behavior
related to environment, changes in environments)
d. Diversity and adaptation of organisms (adaptation and extinction)

2. Physical science
a. Properties of objects and materials (observable properties, interactions of materials,
states of matter)
b. Position and motion of objects (forces [pushing or pulling], sound and vibration)
c. Light, heat, electricity, and magnetism

3. Earth and space science
a. Properties of earth materials (rocks and minerals, soils, fossils, surface changes
of the earth)
b. Objects in the sky (properties of planets and stars, patterns of movement)
c. Weather (characteristics, changes and systems, water cycle)

4. Understanding technology
a. Engaging in technological design (students as technologists)
b. Understanding technology (technology as problem solving, effects of technology)
c. Confirmation activity

5. Understanding science
a. Engaging in scientific inquiry (students as scientists)
b. Nature of science (types of investigations, interpreting and explaining data,
evaluating results)
c. History of science
d. Science as a human endeavor (scientists have various backgrounds)
e. Confirmation activity

6. Science in personal and social perspectives
a. Health (nutrition, disease, personal responsibility)
b. Characteristics and changes in populations (population density, effect on resources
and the environment)
c. Types of resources (material and nonmaterial, renewable and nonrenewable,
personal actions to conserve resources)
d. Changes in environments (natural or influenced by humans, pollution, caring for
living things and their habitats)

the Common Framework of Science Learning Outcomes and further modified as described
below to yield the category system displayed in Table 1.

To make distinctions as sharply as possible, we based classifications on whether the
selection devel oped the concepts contained in the NSES statements. For example, whereas
a selection about butterflies sitting in a tree was initially judged as falling into the Life
Science subcategory Organisms and their Environments (1c), the selection did not develop
to any extent the following concepts listed in this subcategory:

An organism’s patterns of behavior arerelated to the nature of that organism’s environment,
including the kinds and numbers of other organisms present, the availahility of food and
resources, and the physical characteristics of the environment. When the environment
changes, some plants and animals survive and reproduce and others die or move to new
locations. (NRC, 1996, p. 129)

In thisand similar cases, the selection was classified as not containing scientific content.
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We read all the Grade 4 selections and discussed why each should be judged to contain,
not contain, or maybe contain science content. These judgments led to modifications in
the framework. A subcategory, Weather (3c), was added to the Earth and Space Science
category to capture subject matter appearing in the selections that otherwise would be
difficult to categorize. All statements related to geology were placed in the Properties of
Earth Materialssubcategory (3a), and thoserel ated to Objectsinthe Sky (3b) were subsumed
under that heading. Changes were made to categories and subcategories related to doing
science and understanding science and technology to consolidate like statements and make
the categories roughly parallel. The single Science and Technology category was divided
into two: Understanding Science (5) and Understanding Technology (4). The categories,
History (5¢) and Nature of Science (5b), were incorporated into the new Understanding
Science category. Two subsections were renamed to better indicate their emphasis on
students engaged in doing: Solving Technological Problems was renamed Engaging in
Technological Design, and placed under Understanding Technology (4a), and the Science
as Inquiry subcategory was renamed Engaging in Scientific Inquiry and placed under the
new Understanding Science category (5a). The subcategory, Confirmation Activity, was
added to both the Understanding Science (5€) and the Understanding Technology (4c)
categories. Confirmation activities are those in which a scientific idea is presented and
students are asked to confirm thisidea. Finally, because no sel ections were found to contain
content related to the category, Unifying Concepts and Processes, it was deleted. The final
categories, subcategories, and keywords used for classifying science content can be found
in Table 1.

The framework in Table 1 was used to categorize the entire set of 1,106 selections
across the six grades. There were 98 challenging cases where categorization demanded
extra discussion for resolution. An effort was made to reduce to a minimum the number
of “maybe”’ categorizations. This reduction was facilitated by having discussions on the
precise wording of the NSES statements, and by deciding to categorize as containing
scientific content any selections that contained even a marginal amount of science. We
subsequently coded each sel ection containing scientific content for the proportion that was
science (as described in the following section). In the end, only six selections remained in
the“maybe’ category, defying our effortsto decide definitively on their status as containing
scientific content or not. They were not included in our analysis. We also were faced with
selections that have an underlying scientific idea, but which did not directly state or explain
any scientific content. We coded such selections “no.” For the final coding, agreement was
found on all cases.

The complete data on this analysis have been reported previously (Smith et a., 2006).
Across both grade and publisher, sightly more than one fifth (21.5%) of the selections
contained science. The Grade 1 and 2 programs tended to contain the smallest proportion
of science selections (at 17%, excluding Cornerstones Grade 1), the anomaly being Cor-
nerstones Grade 1 at 33%. Grades 3—6 had a larger and almost the same proportion of
science selections, ranging from 20% to 24%. These results suggest that there is oppor-
tunity provided by these commercial reading programs for teaching reading in science, at
least judging by the number and proportion of selections contai ning scientific content. One
possible concern, with the exception of the anomalous Cornerstones Grade 1 program, is
that the proportion of scientific content in Grades 1 and 2 is considerably lower than Grades
3-6. We do not know whether the delayed emphasis on science has any bearing upon the
documented decline in interest in science beginning at about the age of 10 years (Bordt,
de Broucker, Read, Harris, & Zhang, 2001), and whether it leads to reading difficulties in
the area, but we, like others (e.g., Ford et a., 2006; Kesidou & Roseman, 2002), expect it
could.
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Proportion of Scientific Content

Ranges for characterizing the proportion of scientific content were defined. Using these
fiveranges (1%—12%, 13%—37%, 38%—62%, 63%—87%, and 88%—100%) allowed every
selection containing any amount of science content to be categorized as “yes,” while
indicating the prevalence of science content therein.

Regarding the percentage of science in narrative selections, we decided that if the non-
scientific elements in the narrative were necessary to justify or make sense of the science
content in the selection, then the entire narrative could be considered science. For example,
a Grade 3 narrative about a mother and daughter experiencing a solar eclipse (Collections,
1998, pp. 23—27) contains statements, some made by the mother and some made by the
narrator, describing and explaining an eclipse: “A solar eclipse happens when the moon
passes between the sun and the Earth” (p. 23); “It takes about two hours’ (p. 24); “Little
by little the cloudy sky darkened” (p. 26); “darkness lasted only a few moments’ (p. 27).
The science was so deeply embedded in the story that it could not be understood without
the surrounding narrative to draw attention to the focus of the statements.

However, if parts of the narrative could be removed without affecting the sense one could
make of the science, then the selection would be placed in one of the lower proportions of
science content. For example, a Grade 4 selection about two boys caught in a severe thun-
derstorm (Collections, 1996, pp. 63—69) contained only one piece of scientific information,
namely, that the light from the lightning reaches the observer before the sound. This fact
could be grasped without the entire surrounding story, by simply extracting the section in
which one of the boys counts off the seconds between the flash and the thunder.

Theinterrater reliability we established for initial coding of proportion of science content
was 82%. All differences were resolved for the data reported here. Table 2 shows the
percentage of science selectionsfalling into each of the content ranges. The data show that
in two thirds of the selections in which science content was contained, the selections were
predominantly science (>88%). In only a minority of the selections containing science
was a small proportion of the space devoted to science. We take this trend to be favorable
to the teaching of reading in science, because extended scientific text allows for a more
concentrated focus on science-reading instruction. Had the results shown, for example, that
most of the selections contained only 1%—12% science, then students would have faced
snippets of science text and a much reduced opportunity for learning to read science.

Genres

The genre of each selection was analyzed and coded. In devel oping agenre classification
framework, we first examined other studies (e.g., Flood & Lapp, 1987; Flood et al., 1984;
Moss & Newton, 2002; Murphy, 1991; Schmidt et a., 1984; Smith, 1991). To optimize

TABLE 2

Percentage of Science Selections Falling Into Each Content Range

Content Range (%) Percent Selections
1-12 ’

13-37 10

38-62 8

63—-87 8

88—-100 67
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comparisons across time and to build on previous research, we utilized a methodology
similar to that devised by Flood and his colleagues (1984, 1987).

Five genres are relatively uncontroversial and can be found in most previous studies of
text types in basals: narrative, poetry (including song), play (including readers' theater),
biography or autobiography, and expository. In light of the problems we encountered in
attempting to classify text using only these designations, we added five major categoriesto
our text-coding scheme. A multiple text category was added to accommodate those selec-
tions that included more than one major genre with neither dominant, such as a text that
included a narration, followed by an exposition, followed by ancther narration. A hybrid
category covered selections in which there was a form—function disjuncture, most often a
narrative or poem with an informational function, such that the form (say, a poem) would
lead the reader to expect a literary purpose (e.g., providing entertainment or describing a
moral) but the purpose is also to impart information (e.g., about the function of various
animals tails). Pictorial texts were defined as wordless pieces such as photo-essays and
representations of artwork that were not part of a larger text. Patterned texts are repeated
strings of text with some word/phrase substitutions; these repetitions of text patterns gener-
aly show little meaning development. Finally, like Murphy (1991), weincluded an “ other”
category to deal with awide variety of low-frequency text forms such asinterviews, diary
excerpts, letters, reproduced advertisements, and résumeés.

The categorization scheme was devel oped using an iterative procedure. Thefina coding
schemewas adopted only after we reached agreement on theinterpretation of the categories,
and high levels of interrater reliability were demonstrated. All selections were divided
between two trained student codersin astratified random manner that ensured that selections
from each grade and publisher were equally represented with each coder. After al the
selections had been coded, a random sample of 10% of the selections from each grade and
publisher was chosen. Using amatch—mismatch interrater reliability procedure, agreement
on major genre categories was determined to be 84%.

The range and variety of genres for both science and nonscience selections are found
in Table 3. A mgjority of the science selections were expository, 10% were narrative, 6%
poetry, and 12% hybrid. There were clear differences between the science and nonscience
selections. About one third of the nonscience selections were narrative, and about another
one third poetry, placing nearly two thirds of the nonscience selections into a literary
category. Only 9% of the nonscience sel ections were expository. There was abroader range
of genre types represented in the nonscience selections, given that the science selections
contained no plays or pictorial texts.

TABLE 3
Percentage of Science and Nonscience Selections by Genre

Genre Science Selections Nonscience Selections

Narrative 10 33
Poetry 32
Play
Auto/biography
Pictorial text
Patterned text
Expository
Multiple genres
Hybrid

Others
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Some implications for instruction are clear. Given the dominance of expository text in
the science selections, and the comparative absence of narrative and poetry, instruction for
reading success in the science sel ections needs to focus on different strategies than needed
in the nonscience selections. The phenomenon here is very interesting: Change of topic
(nonscience to science) is correlated with change of genre (literary to expository). If the
change of topic is not also accompanied by a changein instructional focus, then the chance
of reading success in the science selections will be diminished. Many studies have shown
that young readers find it harder to read expository text than other genres (Graesser, 1981,
Graesser, Hauft-Smith, Cohen, & Pyles, 1980; Voss, Wiley, & Sandak, 1999; Zabrucky &
Moore, 1999), although in arecent analysiswe concluded that the evidencewasnot clear-cut
(Norris, Guilbert, Smith, Hakimelahi, & Phillips, 2005). Nevertheless, we believe thereisa
risk that comparative reading difficulty and lack of reading success might becomeassociated
in children’s minds with science, which is so commonly paired with expository text that as
shown by at least some evidence they find more difficult to read. We acknowledge, aswell,
that the expository category coversavariety of text formsand purposes, such asdescription,
argumentation, and cause—effect reasoning, that would need to be analyzed separately for
effective instruction to be devised.

Scientific Areas and Topics

We classified the content in each of the 238 science selections according to the frame-
work in Table 1. Many of the selections contained content found in two or more of the
subcategories. We decided to classify the primary focus, and up to and including the ter-
tiary focus, if such were present. The best ordering of primary, secondary, and tertiary foci
sometimes was not apparent. In these cases, afinal decision depended on the overarching
theme of the selection. We proceeded through this coding process grade by grade, making
further refinements to the classification framework to improve interrater reliability. When
necessary, the student coders would return to their earlier work and recode selections to
reflect changes made whilethey engaged inthisiterative process. Most of the disagreements
over the primary focus were over the subcategory classifications of Table 1 and not over the
main categories. After completing the classification of the science content in all 238 science
selections, total agreement (agreement on primary, secondary, and tertiary foci, including
order) was found for 60% of the selections. There was 77% agreement on the primary
focus, and agreement on two of the three foci (disregarding order) 95% of the time. All
disagreements were resolved through discussion for the final coding reported in Table 4.

Life science concepts clearly predominate, being the primary focus in two fifths of the
selections, and either a secondary or atertiary focus in another one fourth. Understanding
technology was the primary focus in about one fourth of the cases. Physical science
concepts were found much less frequently, even as secondary or tertiary foci. Only 50% of
the selections had more than a primary focus, and only 17% had three or more foci.

The reasons for the very unequal distribution across science categories are unknown.
Certainly, there are enough topics in the physical, earth, and space sciences for the dis-
tribution to have been uniform or more nearly uniform. A more equal distribution would
be our preference for reasons of representing accurately the range of science and also for
exposing students to a greater range of scientific vocabulary and concepts.

Scientific Accuracy

We devel oped two analytic tools: atypology of inaccuracies and a severity of inaccuracy
index. We began devel oping the typology of inaccuracies by examining a small number of
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TABLE 4

Percentage of the 238 Science Selections in Each Science Category by
Level of Focus

Level of Focus

Science Category Primary Secondary Tertiary
Life science 41 20 5
Physical science 4 7 1
Earth and space science 12 5 1
Understanding technology 23 4 3
Understanding science 7 9 4
Science in personal and social perspectives 12 5 3
Total 994 50 17

4Rounding produced a percentage less than 100%. All selections had a primary science
focus.

selections from the Grade 4 program and gradually moved outward toward higher and lower
grades, again by examining asmall number of selectionsfrom each. Theaim wasto identify
al inaccuracies and to classify them according to type. An initial draft was developed on
the basis of 12 selections. This draft was then applied to a new set of selections and revised
as necessary. Several iterations of this sort were conducted until the version of the tool
found in Table 5 was developed. This version was then applied to the analysis of al the
science selections.

The severity of inaccuracy index consisted of a three-point scale: minor inaccuracies
(comprehension likely unaffected), moderate inaccuracies (comprehension moderately af -
fected), and major inaccuracies (comprehension severely affected). Each inaccuracy was
assigned to a point on this scale. Note that the application of the severity index required
judgments of how the comprehension of children at the grade level targeted by the reading
selections under analysis likely would be influenced by the accuracy of the selection, but
we conducted no independent, objective tests of children’s comprehension.

To make the severity of inaccuracy judgments as credible as possible in the context, we
took two steps. The first step was to limit the scale to three points so that fine distinctions
would not be required. The second was to rely upon the two reading experts among the
authors whose combined years of experience in clinical reading settings provided the
background to make these educated and informed judgments. Nevertheless, the judgments
are predictions that call for confirmation with direct empirical studies of children.

Table 6 provides the frequencies of inaccuracies by order of their occurrence in the
selections. Wereport only up to thefirst five errorsin any selection (only two selections had
more than five inaccuracies). Across the 238 selections, there were 277 inaccuracies. We
have not attempted in this paper to interpret the significance of the order of occurrence of the
inaccuracies. Such significance could exist, for example, in the compounding of possible
student misconceptions through the repetitions of the same inaccuracy in a selection.
Significance of order could al so exist in one inaccuracy being contradicted by a subsequent
inaccuracy. For our purposes here, weinterpret the dataasfollows: 145 of the 238 sel ections
contained at | east oneinaccuracy, 71 at least two inaccuracies, and so on. Only six selections
had at |east five inaccuracies. We categorized the inaccuracies into nine types, with atenth
“other” category for inaccuracies we did not know quite how to categorize. The most
frequent inaccuracy was oversimplification, when the attempt to simplify resulted in error
(interpreted at the grade level of the selection). The next most frequent inaccuracy was
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TABLE 5
Typology of Inaccuracies

Omission of definitions/labels/etc.
a. Unfamiliar words, scientific instruments, careers, concepts are not defined
(e.g., “technologist”)
b. Labels omitted from diagrams, etc.
Misuse/inappropriate use of terminology/concepts
e Term(s) are used incorrectly (e.g., “force” to mean “velocity”)
Oversimplification of concepts
o Simplifying concepts resulted in making them incorrect (e.g., sun described as
exploding ball of gas)
Incorrect facts
o Established scientific facts are misrepresented (e.g., bacteria called plants)
Cannot confirm information
o Authenticity of information could not be verified (e.g., could not verify that
lizards use tongues to clean)
Personification
e Human characteristics are given to nonhuman subjects (e.g., personified feelings
of a wounded wolf)
Visual inaccuracy
e Pictures, illustrations, and diagrams contain misrepresentations (e.g., geese
pictured flying in a heart-shaped pattern)
STSE inaccuracy
e STSE issues/concerns are falsely represented or not included
Omission of NOS/inquiry or missed NOS/inquiry opportunity
a. Laboratory experiences/activities had the opportunity to meet NOS/inquiry
standards but failed to do so
b. Misrepresentation of NOS (e.g., science must be true)
Others
e Any inaccuracy that does not fit the above categories

NOS, nature of science; STSE, science—technology—society—environment.

TABLE 6
Frequency of Inaccuracies by Order of Occurrence

Order of Occurrence

Inaccuracy First Second Third Fourth Fifth Total Proportion
Omission of definitions 22 16 8 4 1 51 0.18
Misuse of terminology 12 7 2 2 0 23 0.08
Oversimplification 31 16 6 5 2 60 0.22
Incorrect facts 30 7 8 2 1 48 0.17
Cannot confirm information 15 9 5 3 1 33 0.12
Personification 5 4 1 0 0 10 0.04
Visual inaccuracy 17 6 1 0 0 24 0.09
STSE inaccuracy 4 2 1 0 1 8 0.03
Omission of NOS 4 1 0 2 0 7 0.03
Others 5 3 4 1 0 13 0.05
Total 145 71 36 19 6 277 1.00

NOS, nature of science; STSE, science—technology—society—environment.
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TABLE 7
Frequency of Inaccuracies by Severity

Order of Occurrence of Inaccuracy

Severity First Second Third Fourth Fifth Total Proportion
Minor 99 47 24 13 5 188 0.68
Moderate 36 18 10 4 0 68 0.25
Major 10 6 2 2 1 21 0.08
Total 145 71 36 19 6 277 1.00

omission of definitions—the failure to define unfamiliar concepts and to label diagrams.
Next in frequency were incorrect facts, the contradiction of established scientific facts.
The least frequently occurring inaccuracies were omission of nature of science (NOS) and
science—technol ogy-soci ety —environment (STSE). Some inaccuracy types were repeated:
for example, in one selection there were five omissions of definitions, in two selections
there were five instances of oversimplification. All types of inaccuracy occurred at |east
twicein at least one selection.

Table 7 provides the frequency of inaccuracies by their severity. The mgjority, 68%, of
inaccuracies were minor, and only 8% were major, that is, 21 of the 277 inaccuracies were
major.

Table 8 gives the frequency and proportion of inaccuracies by primary science focus.
Recall that wereported up to threelevels of sciencefocusfor selections, primary, secondary,
and tertiary (for details, see Table 4). Data of Table 8 are based upon only the primary
focus. The greatest number of inaccuracies occurred in the selections with life science as
the primary focus, and the least number in physical science selections. The proportion of
inaccuracies within science foci varied considerably. For example, the greatest proportion
of inaccuracies for most foci was oversimplification. However, misuse of terminology was
much more prominent in the physical science selections, visual inaccuracy much more
prevalent in life science and understanding technology selections, and so forth.

Table 8 does not control for differences between the total number of pages contained
in selections under each science focus. The total number of pages across all selections
was 1205.5. Of these, the life science selections contained 43%, physical science 3%,
earth and space science 13%, understanding technology 23%, understanding science 7%,
and science in social and personal perspectives 11%. Table 9 projects the frequency of
inaccuracies under each science focus on the basis of two assumptions: (i) each of the six
foci contains the same proportion of the total number of pages, that is 0.167, and (ii) the
frequency of inaccuracies within each science focus is directly proportional to the number
of pages contained by the focus. Given that the focal areas with the least number of pages
(physical, earth, and space sciences) tended to have the highest rate of inaccuracies, and
the focal area with the most pages (life sciences) had the lowest rate of inaccuracies, an
immediate effect of devoting the same number of pages to each focal area would be an
increase in the total number of inaccuracies from 277 to 323. Note, also, that it is physical
science and not life science that now has the greatest number of inaccuracies at double that
for life science. Indeed, under these normalized figures, the life science selections contain
the fewest inaccuracies of all focus areas. Earth and space science is second in number of
inaccuracies, and the remaining three focus areas are roughly equivalent.

In sum, there was just over asingle (1.2) inaccuracy per selection on average, which we
judge to be minimal, although of course we would prefer none at all. Of the inaccuracies
that wereidentified, more than two thirdswere of aminor nature, and fewer than 10% major.
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Although thelife science sel ections had the greatest number of inaccuraciesand the physical
science selection the least, the order was reversed when total length of the selections in
each focus was taken into account, because the life science selections contained 43% of
the total number of pages compared to 3% for the physical science selections. The most
frequent inaccuracies had to do with omitting definitions of new concepts, oversimplifying
material to the point of error, and making outright errors of fact.

Text Features

Text features refer to aspects of the selections, not including the ordinary (nonscientific)
meanings of words and sentences, that required students' interpretations. We began our
examination of the selectionslooking for four text features and with an opennessto identify
others: scientific vocabulary, diagrams, charts, and illustrations. We sampled the selections
and searched theliterature (e.g., Hoyt, 2002; Hoyt, Mooney, & Parkes, 2003; Mallett, 2003;
Penney et a., 2003) to develop amore extended list of featuresthat was comprehensive and
upon which we could reach settled interpretations and high agreement between the coders.
Thefinal set of text featuresis contained in Table 10.

TABLE 10
Text Features and Their Meanings
Feature Meaning
Photos Obvious meaning and application
lllustrations
Exact Highly detailed or lifelike: the illustrator has portrayed
objects as closely as possible to how they appear in
the world
Realistic Approach lifelikeness but do not reach it
Stylized Reflect the illustrator’s style through exaggerated
features, use of whimsical or imaginative depictions
Diagrams Depict structures, processes, or relationships

Charts, graphs, and tables
Captions

Labels
Scientific vocabulary

Scientific metalanguage

Highlighted scientific
vocabulary
Highlighted scientific
metalanguage
Glossary

Headings and subheadings
Lists
Separated text

(cross-sectional drawings, maps, flowcharts)

Contain numerical content and depict numerical
relationships

Titles or short annotations accompanying photographs,
diagrams, illustrations

Shorter than a caption; names rather than describes

Terms that refer specifically to scientific concepts,
processes, or methods

Terms for speaking about science (law, hypothesis,
prediction, inference, observe, method, etc.)

Bold, italics, color change, enlarged font

Bold, italics, color change, enlarged font

Explains the author’s understanding of terms;
pronunciation guide

Obvious meaning and application

Bulleted; numbered

Information standing on its own, but related to the main
part of the selection (side bars, text boxes, fact boxes,
bubbles)
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Table 11 presents data on the frequency and occurrence of the text features described
in Table 10 by grade level. Table 12 presents the same data organized by publisher. From
Table 11, we see from the extreme right-hand column that the total number of text features
increased dramatically from Grades 1 and 2 to Grade 3 and remained at a higher, though
somewhat diminished, level for the remaining three grades. This increase was not entirely
due to the increase in number of selections in the higher grades. Although Grade 2 had
by far the fewest selections and Grade 6 the most, all other grades had approximately
the same number of selections. The increasing length of selections with grade does not
entirely explain theincrease in text features either. Although the occurrence of text features
approximately double from Grades 1 and 2 to Grades 3—6, the total humber of selection
pages increased by only approximately 40%. Also, the correlation between number of text
features and number of selection pages across the six gradesis about .70, which islessthan
a50% overlap in variance. Neither is the increase in text features related to differencesin
genre distribution across the grades, as we have shown elsewhere (Phillips et a., 2005):
the percentage of narrative text found in these programs is almost identical for Grades 1,
4,5, and 6, with about a 30% increase in Grades 2 and 3; the percentage of expository text
islowest in Grade 1 and almost equal for the other five grades. In either case, there is no
radical genre transition between Grades 2 and 3 at the point of the dramatic increase in text
features. A possibly better explanation for the increase in text features is that publishers
and authors assumed that older children were more able than younger ones to deal with
the added interpretive demands of multiple text features. Such an assumption, if made,
would not be obviously justified by the evidence. Increased competence with age might be
expected if instruction in interpreting text features were given, but without instruction it is
quite possible for children to grow older without any increased sophistication of reading
text features.

By far the two most frequent text features were scientific vocabulary and photos. I1-
lustrations taken as a group were approximately as frequent as photos. Use of scientific
vocabulary increased about threefold or fourfold after Grade 2. The occurrence of pho-
tos and illustrations did not show a pattern according to increasing grade. Charts, graphs,
and tables appeared infrequently, as did glossaries. Scientific metalanguage was the next
least frequent feature. Photos are perhaps the easiest type of text feature to include after
highlighting, which might account in part for their high rate of occurrence. It is gratifying
that scientific vocabulary occurred relatively frequently, although, as the data show, there
were never more than about five terms per selection on average (that number for Grade
4). Also, the presence of scientific vocabulary can be a double-edged sword, if it leads to
unacceptable high-concept density. It is disappointing that charts, graphs, and tables ap-
peared so infrequently, because they are such important tools for communicating scientific
results and ideas and because students ought to |earn how to interpret them. Of even greater
significance is the infrequent use of scientific metalanguage. This is the language used
to indicate how the propositions in scientific discourse are to be taken: as statements of
method or results; as justifications for procedures or conclusions; as facts, conjectures, or
errors. Across the entire 238 selections, we found only 11 terms used to speak metalinguis-
tically about science: analyze, confirm, discover, experiment, justify, observation, principle,
research, results, study, and test. We found seven other terms and expressions that are used
primarily in everyday discourse and do not have clear meaningsin science, but seemed to be
serving as scientific metalanguage: compare, examine, figure out, find out, identify, realize,
and watch. Webelieve that it iscritically important that children be taught from an early age
the vocabulary for talking about scientific processes and products. There is considerable
room for improvement in this regard. In addition, although the scientific vocabulary was
often highlighted (approximately one fourth of the time), the scientific metalanguage was
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never highlighted, implying perhaps a lesser importance, which we dispute. The meaning
of highlighting frequently is fraught with ambiguity—what quotes and italics mean in a
given context is not always easy to say.

Theright-hand column of Table 12 permitsan overall comparison of thethree publishers.
We seethat the total number of text featuresfound in the Cor ner stones sel ections was much
lower than in the other two publishers’ materials. These differences cannot completely be
explained by differences in the average number of text features per selection, even though
the total number of text features and the average number per selection have the same rank
order across publishers. The total number of pages that each publisher dedicated to science
selections varied from Cornerstones at 299.5, Collections at 419.3, to Nelson at 486.8.
Taking numbers of pagesinto account, Collections showed the greatest density per page of
text features, and Gage the second greatest. Within particular text features, there are not too
many stark differences. Collections contained far more stylized illustrations than the other
publishers; Collections also had the highest density (per selection) of scientific vocabulary
and of scientific metalanguage. All publishers used many photos and hardly any charts,
graphs, and tables. It is difficult to see making any choice among these publishers on the
basis of these patterns of text feature use. The main differences between publishers were
number of science selections (Cornerstones 73, Collections 80, Nelson 85) and their total
length (Cornerstones 299.5 pages, Collections 419.3 pages, Nelson 486.8 pages). It seems
at least on the basis of page counts that Nelson paid the most attention to science.

SPECIFIC PROCEDURES, RESULTS, AND DISCUSSION (CURRICULAR
AND INSTRUCTIONAL QUESTIONS 7 AND 8)

Unit of Analysis

Recall that for Questions 1-6, the unit of analysis was the selection in the student
books. For Questions 7 and 8, focused, respectively, on types of instructional guidance and
assessment techniques, instructional units contained in the teacher’s guides formed the unit
of analysis. Although most instructional units were associated with one student selection,
not all were. Across the three programs, there were 980 instructional units covering 1,106
selections. The subset of 238 science sel ections was associated with 233 instructional units,
which became the units of analysis for Questions 7 and 8.

Instructional Guidance

The teacher’s guides were considered the appropriate materials for analysis of instruc-
tional guidance because they contained all the instructional directions found in the student
books and additional instruction. The instructional units in the teacher’s guides contained
diverse suggestions, sometimes associated with more than one selection. We began by
sampling units from each publisher at each grade level, first from the entire set (980 units)
and then focusing on those corresponding to the science selections. We worked together
progressively to develop lists of instructional types and exemplars of each type. When we
were in agreement on the coding schemes and high levels of interrater reliability were
demonstrated, the 233 units covering the 238 science selections were assigned to two
trained coders on an even-numbered and odd-numbered basis.

After all the units had been coded, a random sample of 10% of units from each grade
by publisher was selected. Each case was assigned to the coder who had not previously
coded the unit, and the two codings were compared. Percentage agreement was cal cul ated
for each instructional type across all cases. In all, 96 instructional types were coded twice,
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yielding a range of agreements from 67% to 100% with an overall average of 92%. The
lowest agreement was on “phonics instruction.” Investigation revealed that coders were
sometimes unclear about whether sound—Ietter instruction was phonics, spelling, or both.

We identified the instructional suggestions most clearly associated with the reading
process in the 238 selections that contained scientific content. There were 50 types of
instruction in nine categories, the description and prevalence of which we have previously
reported (Smith et al., 2006).

Although many different typesof instructional suggestionswereenumerated, themajority
of tabulated frequencies are considerably less than 50%. Most of the frequently occurring
instructional directions (frequencies greater than 50%) are those that involve personal
reflection or response. I n our data, these are often cross-classified with the most frequent oral
language activity, which is discussion. Examples of questions eliciting personal reflection,
response, or discussion include the following: Why do you think astronomers study the
stars? Have you ever wished. . . ? Will this report change the way you use water? These
questions differ in anumber of respects. Some are intended for prereading, others for mid-
or after-reading. Some can be answered without reading the selections at all. They differ in
focusor intent: included are probesfor personal experiences, personal preferences, personal
learning, and personal ideas or thought processes.

Discussion was by far the most frequently suggested activity, with from 64% to 96% of
the units having multiple calls for discussion, depending upon grade and publisher. At al
grades, the mgjority of instructional units contained multiple suggestions for discussion.
Discussion is suggested for avariety of purposesin these units, often as ameans of getting
children to consider questions that involve some sort of personal reflection/response asin
the following prereading instruction found in a Grade 3 teacher’s guide:

In small groups, discuss your experiences with magnets or compasses. What can magnets
be used for? What tricks can you do with magnets? Have you ever used a compass to find
your direction in an unfamiliar place? (Cornerstones, 1999, p. 182)

Thefact that personal response/reflection and discussion are so prevalent in theinstructional
guidance associated with science selections looks, at |east superficially, to be quite promis-
ing for fostering scientific literacy. The importance of making connections to students
personal knowledge and making subject matter personally relevant to students is widely
acknowledged in the literacy field (Dillon & Hoffman, 2002). However, the discussion that
is recommended would not draw on the fundamental scientific concepts that are in the
texts and support reading as inquiry. Indeed, there was very little connection to scientific
concepts and reasoning promoted in the programs.

Frequencies were high at al grade levels in three areas: (1) activating prior knowledge
by asking students to make persona connections, (2) identification of new vocabulary
words to be taught, and (3) suggestions for student discussion. Approximately one third
of the reading-related instructional types showed frequencies that were higher in the lower
grades, including choral reading, listening and reading along, phonics, and reading text
features. Very few instructional types showed atendency to be more frequent at the higher
grades, although two activities that showed such atendency were asking children to explain
concepts from the selection in their own words and asking them to infer information not
explicitly stated in the selection. The clearest grade trends of increasing frequency were
found for the personal response questions that call for thinking/inferring and reflecting.

Assessment Techniques

Assessment plays a crucia role in both literacy learning (Johnston & Costello, 2005)
and science education (National Science Teachers Association [NSTA], 2001). The what
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and how of assessment have implications for what is taught and learned and, consequently,
the importance of assessment for learning is well recognized in both the field of science
education (NSTA, 2001) and thefield of literacy (International Reading Association [IRA]
& National Council of Teachers of English [NCTE], 1994). While commercia reading
programs may be expected to include general literacy assessments, such assessment must
also implicate science content and scientific reasoning, if itisto contributein any significant
way to the development of scientific literacy.

We sampled teaching units at al grade levels from the entire inventory, progressively
developing lists of assessment types encountered. As identified instances began to fit
previousdescriptions, wefocused more specifically on the 233 teaching units corresponding
to the 238 science selections and devised a preliminary code form and codebook containing
explanations and exemplars. Regular meetings were held to compare notes, raise issues,
and refine the protocol. The final measurement protocol was developed through an iterative
process, involving several rounds of pilot reliability testing as well as examination and
discussion of disagreements|eading to modification of the coding scheme. When agreement
on the protocol and high levels of interrater reliability had been achieved and all team
members expressed agreement on the protocol, two trained coderswere assigned to alternate
cases such that approximately the same number of units for each grade and each publisher
fell to the coders.

Instances of assessment were identified in three ways. Some were clearly labeled in
various side notes accompanying suggested student tasks in the teacher’s guides. Other
instances were not labeled explicitly but, from explicit directions to the teacher, it could
be inferred that assessment is intended. A third method of identification involved locating
implicit mentions of assessment such as, “Can the students support their theories with
facts?’ (Cornerstones 3a, p. 66), in which case it can be inferred that a teacher would use
observation to discern the students’ ability during discussions. Since any instructional unit
could contain multiple instances of assessment, instances were coded in the order in which
they were encountered within each unit.

Each instance of assessment was coded along six major dimensionsas shownin Table 13.
For each of these dimensions we devel oped coding categories supplemented with explana-
tions and exemplars. A 10% random sample stratified by grade and publisher was selected
from the 233 coded units. Each chosen instructional unit was assigned to the coder who had
not already coded the case and the cases were then compared. Percentage agreement was
calculated for judgments on the number of assessments per unit, the identification of these
assessments, and each mgjor dimension of the investigation per assessment. The overall
average for all variables was 87%.

We have reported the detailed findings of this procedure elsewhere (Phillips, Norris,
Smith, Buker, & Kasper, 2007). Severa aspects of the findings can be viewed positively
in terms of scientific literacy goals. The findings on both forms and tools show that variety
is present along these dimensions, which should be viewed positively given that position
statements for both literacy (IRA & NCTE, 1994) and science education (NSTA, 2001)
advocate multiple forms of assessment. There are some clear patterns of dominance, in that
observationsand self- and peer assessments dominate forms and guiding questions/prompts
dominate tools. This may be viewed positively as well in that it suggests promotion of
observation skills and a spirit of inquiry, elements essential to the scientific enterprise.
In many instances, teachers are given guidance on becoming good observers, including
direction on when and what to observe as well as on focusing questions or points to
guidetheir informal assessments. In addition, students are being involved in the assessment
process, a feature advocated by both literacy (e.g., Cohen & Wiener, 2003) and science
educators (e.g., Coffey, 2003).
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TABLE 13

Dimensions of Assessments Found in Commercial Reading Programs

Dimension Coding Categories

Forms Observation, student self-assessment, peer
assessment, conference, product/skill evaluation,
unknown

Tools Checklist, rating scale, anecdotal notes, running record,

answer key/marking guide, journal/learning log entry,
criteria, guiding questions/prompts, other,
combination, not specified

Tasks Tests, writing samples, interactive reading viewing,
research reports/skills, visual representations,
reading/viewing, organizers, science skills, oral work,
dramatic presentations, student-planned interviews,
worksheets, discussions, artwork, listening,
multimedia presentations, personal skills, other tasks,
combinations

Purposes Summative, formative, diagnostic, combination, cannot
discern
Correspondence to learning Corresponds, does not correspond, unrelated
objectives
Content Language arts, science, social studies, mathematics,

technology, music, drama, art, health, cross-curricular
skills, interpersonal skills, combinations, cannot
discern

The findings on the purpose of the assessments can also be construed positively. Since
there are virtually no assessments that are clearly intended to be summative or diagnostic,
and the mgjority is either formative or dependent on teacher use, there appears to be
considerable leeway—even encouragement—for the teacher to use these assessments to
gather information that would help students in their learning processes. The programs
therefore emphasize assessment for learning versus assessment of learning (Chappuis &
Stiggins, 2002; Stiggins, 2002, 2005), and the value of this approach is well recognized in
science education (Atkin, Black, & Coffey, 2001; Roscoe & Mrazek, 2005).

Other findings fall more into the realm of negatives. Assessment was associated with a
variety of student tasks, many in combination, but the tasks most directly associated with
science were quite infrequently associated with assessment. Only 3% of all assessments
focused on tasks that involve students utilizing skills or processes that are specific to the
science domain (e.g., writing a scientific report, observing phenomena, and performing
experiments). Other tasks do have aspects of relevance to the development of scientific
literacy, but their relationship to science is far less direct. For example, a group task of
researching a creature to write a story (Nelson 2, Reach Out, p. 161) may involve the
gathering of information or resources and learning some life science content, but the task
focus (writing astory) isof marginal relevance to the scientific enterprise. Had thetask been
to prepare areport, there would have been a closer tie to scientific literacy. Combined with
a self-assessment that focuses not on research processes or content but on the interpersonal
skills needed to work in groups, the potential of the task for our purposesis further diluted.
Again, had the group work been related to scientific activities such as reading, writing, and
interpreting scientific texts, then the potential for scientific literacy enhancement would
have been increased greatly.
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The findings on the correspondence to learning objectives also are not encouraging.
Only about 45% of all assessments were clearly aligned with learning objectives, and
these did not necessarily involve science content. Thus, the relationshi ps among objectives,
instruction, and assessment are unlikely to be optimal for promoting scientific literacy in
these programs.

Finally, the content results rai se doubts about the value of these assessmentsfor fostering
scientific literacy. The majority of assessments were concerned with language arts content
only. While this may be expected in language arts programs, the assessments studied here
arethosein the subset of unitswith science content, and these programsinclude the science
asone of their selling features. If we look at the percentage of assessments that have most
relevance to science within these units, wefind the following: cross-curricular skills (24%),
science (5%), and combinationsincluding science (14%). Therefore, fewer than half (43%)
of the assessments associated with units containing scientific material have any connection
to science content, and well over half of these are cross-curricular in nature and only
1lin20isdirectly focused on science. Whatever use these assessments may be for literacy
learning, their relationship to the scientific realm is less than robust.

CONCLUSIONS AND IMPLICATIONS

This section is organized around the eight questions that guided the study and a final
commentary. Our aim is to provide a judgment of the extent to which the commercial
reading programs we have surveyed can promote scientific literacy. Recall that earlier
in this paper we described a theoretical framework for how reading could be centrally
involved in scientific literacy. We distinguished between scientific literacy in its derived
sense, referring to scientific knowledgeability and being learned and educated in science,
and scientific literacy in its fundamental sense, referring to the ability to read and write
when the content is science (Norris & Phillips, 2003). According to this conception, an
important element in achieving scientific literacy is to teach reading and writing in the
context of science, by which we mean being able to analyze, critique, and interpret science
text. It isthis element that we will addressin this section.

Presence and Proportion of Scientific Content

This investigation established that these widely used commercial reading programs do
contain science content. Approximately onefifth of all selections contained science content,
and most of these dedicate a sizable proportion of their space to the science. We concluded
that thereis at | east reasonabl e opportunity for instruction on how to read science materials.
Thereisatrend in two of the three programs surveyed for the proportion of science content
to be greater in Grades 3—6 than in the earlier grades. We do not know what the reason
is for this distribution, but we fear that by not introducing students to expository and
argumentative text (of which scienceisaspecial sort) at the outset of learning to read, then
we shall perpetuate what we consider to be mythical: namely, that the narrative form is
inherently easier and more appealing to read. There is good reason to think that whatever
relative ease is experienced in reading narrative compared to expository and argumentative
prose has as much or more to do with exposure and instrumental history than with any
features of the genres themselves.

Genre

Calls for increased experience with informational text in the elementary grades have
intensified in the past several decades. Most previous studies have shown that basal reading
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series consist primarily of narrative text selections. Our previous studies of these programs
(Phillips et a., 2005) found that, although narrative was the most prevalent text type,
the amount was considerably less than previously reported, and the amount of science
considerably more. Within the selections with a science focus we actually found that the
majority were expository. At one level, this marks an advance over the past domination
by narrative, including addressing in part the concern raised by Ford and her colleagues
that girls lack of interest in science might be due to lack of exposure early enough in
school (Ford et a., 2006). However, a different type of concern now arises, because poor
instructional guidance has become confounded with content. Although the majority of the
nonscience selections were literary forms (narrative and poetry), for which instructional
guidance tends to be appropriate, the majority of the science selections were expository, for
which the instructional guidance was not appropriate much of thetime. Thereisthusarisk
that children will experience difficulty and frustration reading the science text not because
of any limitationsin their abilites or interests with regard to science, but because of poor in-
struction in reading the genre. Thereis, in addition, the attendant risk that any difficulty and
frustration will become associated in students' minds not with the inappropriate instruction
but with the science content itself. There is, thus, an imperative for explicit instruction on
reading exposition and argumentation. Our study also highlighted the glaring absence of
attention to an immensely important genre, namely argumentative texts. This absence cuts
acrossall content areas, but isespecially noticeablein science, which relies heavily on argu-
mentation in the justification of questions to pursue, methods to adopt, and conclusions to
draw.

Areas and Topics

Asanintroduction to scientific ideas, which we group under the derived sense of literacy,
the programs were skewed heavily toward the life sciences. No doubt children areinterested
in many life science topics, and there appears to be a gender difference in preference for
sciencetopics. For example, Dawson (2000) in astudy of Australian primary school children
found little systematic difference between the interests of children in 1980 and in 1997.
In both years, boys rated physical and earth sciences more highly than human and general
biology. Girls' preferences showed a different pattern: in 1980, their preferences were for
the biological topics over physical and earth sciences, however, in 1997, their greatest
preference of all wasfor earth science. Baram-Tsabari and Yarden (2005) rated the science
interests of Isragli children based on the questions they submitted to a children’stelevision
show. They found that amost one half of the questions were biological in focus, about one
fourth technological, and one fourth physical science (which included astrophysics, which
ranked third at 12% of the questions).

It may also be the case that primary and elementary teachers are more comfortable
with life science content. For example, Ford (2004) found that life science books were
favored by the highest percentage of student teachers (45%) for use in their classrooms,
and physical science books were favored by only 7%. However, earth science books were
favored by 31% of the student teachers and physical science books were least favored by
only 24%. Given data like these, we can see no justification based upon student or teacher
preferences to have only 4% of the selections with a primary focus on physical science
and only another 12% on earth and space science. We can only conclude that the selec-
tions are biased and could be improved substantially with the inclusion of more physical,
earth, and space science. We fear that the almost complete exclusion of these sciences
might exacerbate the trepidation with which older students seem to approach them and the
widespread avoidance of thesefields by middle schooal, high school, and university students
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(Bordt et al., 2001; Gott & Johnson, 1999; Osborne, Driver, & Simon, 1998; Statistics
Canada, 2003).

Accuracy

Our typology of inaccuracies documents the range of errors that we discovered in these
programs. We found only slightly more than one inaccuracy per selection, on average, and
about two thirds of these were minor. Although no inaccuracies can be excused, we do
not see these programs posing a serious risk of creating multiple and serious scientific
misconceptionsin students. This is a happy result. We do not have similar data on science
programs at this level, but it would be interesting to be able to compare them to these
reading programs in terms of inaccuracies.

Of concern, however, is where the inaccuracies concentrate, once the total number of
pages devoted to science focus is equalized. We found that the physical, earth, and space
sciences displayed a rate of inaccuracy almost double that of the life sciences. Coupled
with what many perceive as a generalized reluctance to delve into these fields, especially
into the physical sciences, and with the overall sparse treatment of these science foci
within the programs, we believe there is reason to be concerned. The physical sciences
are underrepresented on the one hand, and overly misrepresented on the other hand. This
is a dreadful combination of program characteristics. We recognize the trend away from
the physical sciences and toward the life sciences, especially among girls (at least in some
countries) (Organisation for Economic Co-operation and Development, 2006). Yet, the
physical sciences cannot be abandoned. Any sophisticated grasp of modern life sciences
depends upon understanding the fundamental physical and chemical propertiesthat support
life and the basic properties of the universe that make life possible in the first place. We
encourage publishers to pay close attention both to the weighting of science selections by
focus and to the accuracy of all their materials. If the physical, earth, and space sciences
pose a greater challenge for curriculum writers, then help can be found among scientists
and science educators.

Text Features

Photos and scientific vocabulary were the dominant text features. For the most part, this
pattern existed across grades and publishers. Photos are an easy feature to add to texts,
so we do not find their numbers surprising. It was excellent to witness so much scientific
vocabulary, athough there were only about three terms per selection on average. Clearly,
if a selection has a science focus, it should be possible to include more terms than three.
On the other hand, it is important not to create an unmanageable conceptual density by
including too many technical terms per selection. Of more concern to us, however, was
the nearly complete absence of charts, graphs, and tables, which are so important to the
communication of scientific ideas. It is crucial to the development of scientific literacy in
the fundamental sense that young students be exposed to and taught to interpret such text
features. At least of equal importance was the very sparse use of scientific metalanguage
(about one such term for every five selections). Scientific metalanguage makes it possible
to talk about science, to discuss methods planned or employed, to compare and evaluate
results, and to consider applications. Theseintellectual skillsare coreto what it meansto be
a scientificaly literate citizen. There is little point to greater representation of nonliterary
forms, if the programs do not as well introduce students to the concepts and thoughts
required for interpreting these forms. There is much room for improvement on this aspect
of program design.
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Instructional Guidance

The reading instruction that accompanied the science selections consisted of a wide
variety of strategies and activities, although there is a preponderance of personal response
and discussion suggestions frequently with no specific relation to the science content. There
are numerous suggestions to engage in discussions but few that engage the text in a critical
manner—a finding also identified by Palinscar and Magnusson (2001).

In general, there is little clear guidance on using the selections for teaching scientific
literacy. Teachers are not provided reliable information on which selections are science.
The scientific concepts and any associated metalanguage are not typically the object of
instruction. Usually, there are so many instructional suggestions associated with each
selection that it is unlikely that a teacher would use all of them. Multiple purposes are
reflected in the suggestions, and the probability that a teacher would focus on the most
useful suggestions for scientific literacy is not great. Thus, perhaps not surprisingly, the
teacher is key to making use of the limited potential of the programs for teaching reading
in science. Optimizing the potential would take a teacher who is knowledgeable about both
science and reading and who further has a conscious intent to use these texts for the specific
purpose of teaching reading and writing in science.

Assessment

The results suggest that there are serious limitations to what can be expected from use
of the assessments in the commercial reading programs as far as the fostering of scientific
literacy isconcerned. Although some aspects of the assessmentsincluded in science content
unitshaverelevancefor the enterprise, most do not. The biggest downfall of the assessments
is their insubstantial relationship to the subject matter of science and to learning specific
skills and strategies useful for reading science text.

Final Commentary

There definitely are science selections in these reading series that could be used to help
students learn to read science. To illustrate how much more could be done than these
programs contemplate, we will describe the science-teaching possibilities offered by two
selections containing science content.

Dancing Bees (Collections, 1997, pp. 18—21), a Grade 4 selection, is a wonderful
account of how bees communi cate about food sources and the research done by two sets of
scientists to define and interpret this activity. Reading this selection involves interpreting
descriptionsof research methods and scientific questionsthat seek explanations, interpreting
experimental tests, distinguishing evidence from conclusions, interpreting correlational
statements, and interpreting the logic of a controlled experiment.

Fundamental concepts developed in Our Solar System: News and Views (Collections,
1998, pp. 41—-46), aGrade 6 selection, include the conceptsthat our knowledgeisconstantly
evolving, and that it isimportant to separate fact from fiction. Thisinformation is presented
by means of aseries of excerptsfrom newspaper articles. Scientific literacy can be enhanced
through interpreting the evidence presented in the media reports, interpreting statements
of justification, recognizing tentativeness, analyzing and critiquing science—technology —
society issues, and analyzing scientific concepts.

Both Dancing Bees and Our Solar System: News and Views incorporate metalanguage.
In Dancing Bees, the words “test,” “experiments,” “watched,” “figured out,” and “realized”
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are used to explain the scientists’ activities. “ Study,” “observe,” “evidence,” “justify,” and
“analyze’ are used to thisend in Our Solar System.

The teacher is key to fully developing the potential offered by these selections. First,
the teacher must decide the fundamental concepts to be learned using a selection. Then
the teacher must choose what is relevant in the teacher’s guide. For example, for Dancing
Bees, the teacher’s guide is not very helpful. It focuses upon children sharing personal
interpretations of dance, general uses of robots, and imitating the bees waggle dance as
well as developing their own dances. The only link to science is a suggestion to gather
information about bees from a wide range of external sources. For Our Solar System:
News and Views, the teacher’s guide adopts a general focus on media coverage. The link
to science is “optional,” general, and fails to direct specific attention to the selections.
Thus, teachers themselves often must develop the lessons that will help their students
acquire scientific literacy by providing a focus on reading a selection consistent with its
fundamental concepts and must arbitrate between the concepts in the selections and the
activities recommended in the teacher’s guides. There is arisk that none of this will take
place, because of the widely recognized reluctance of elementary school teachers to teach
science.

For assessing student learning, teachers can recognize student understanding through
attention to students’ clarity of thought revealed in their choice of vocabulary, sequencing
of ideas, examples provided, inferences made, relevance of questions asked, and the intel-
lectual quality of their interactions with the teacher and classmates—in their coherence,
consistency, and completeness of thought.

The well-intentioned integration of scientific material in these commercia reading pro-
grams may havelittle usefulnessfor devel oping scientific literacy. The difficulty isnot only
that this is the case, but that it may be perceived as otherwise either by reading teachers
or science teachers, or both. Resistance to literacy instruction in the science domain is
widespread (Shanahan, 2004), and the inclusion of science content in literacy programs
may fortify science teachers’ notion that teaching the reading and writing of science text
is solely or primarily the job of the literacy teacher. Language arts teachers, for their part,
may believe they are fruitfully developing the relationship between science and literacy
because the programs they use contain science material. Ongoing collaboration between
theliteracy community and science educatorsis needed to clarify the value of varioustypes
of integration and to identify and develop instructional approaches and materials that will
more effectively foster scientific literacy. Furthermore, science educators ought not to be
seduced into thinking that because science is an integral part of reading programs that the
fundamental sense of scientific literacy (reading and writing when the content is science)
will be taught better than in a stand-al one science program.
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