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Abstract

This comprehensive essay addresses the issue of literacy in language arts and in science as it relates to learners and learning, the learning environment, curriculum and instructional strategies, and assessment in the science and language arts content areas.  My primary concern is investigating what it means to be literate in science and language arts, which I investigate first by identifying and exploring Adams’s and Goodman & Goodman’s models of language literacy development and various definitions of scientific literacy as described by The American Association for the Advancement of Science (AAAS), the National Research Council’s (NRC) Committee on Science Learning, Kindergarten through 8th Grade, and the Center for Science, Mathematics, and Engineering Education’s Roger W. Bybee, and Matthew Weinstein.  Specifically, my essay is guided by the focusing question, “how does science literacy differ from literacy in reading/writing class?”  I address the question as it relates to my area of specialization, elementary education.  In answering this question, this essay explains the cognitive processes involved in developing the respective literacies and provides solid, research-based recommendations for best practices for instruction and assessment.  It extends to investigate how integrated instruction is used, and to what end, in developing literacy in both content areas.  My final recommendation is that reading, writing, and inquiry be used together to bolster achievement across subject areas, to make learning meaningful for students, and to be used in developing and implementing more authentic assessment techniques that reflect how practitioners actually use the respective literacies. 

Literacy, in terms of language arts and science in schools, is a complex and dynamic idea.  While many people are inclined to think of language arts literacy solely as the ability to read and write a language and to think of science literacy as the ability to implement the scientific method in order to learn about the natural world; these narrow concepts only scratch the surface of what literacy might mean.  A review of the literature suggests that the idea of literacy in both subject areas is a point of debate, which I believe is an ultimately positive discourse because it pushes the academic community to continually research, assess, and evaluate our positions and practices.  This paper will investigate what it means to be literate in language arts and science; the similarities and differences between the respective literacies; and the instructional implications of the different views on literacy, with specific attention placed on how thematic or integrated instruction can be used to bridge the two subjects.    

Literacy in Language Arts


Metz (2006) contends that today literacy means more than reading & writing, listening to and speaking a specific language.  Literacy now means “encompassing technological, visual and other forms...today’s students need to understand a complex mix of visual, oral, electronic, and print media” (p. 8).  This paper will focus on a more traditional idea of what it means to be literate in reading and writing, with a primary focus on printed texts.  That said, Metz’s idea of modern literacy does have merit; and his ideas will become relevant with respect to the idea of multiple literacies in both reading and science.


As a way of focusing Metz’s broad definition of language arts literacy, or literacy proper, Dickinson and Young (1998) identify another view.  By their definition, drawn from Venezky, literacy is the ability to read, write, and function in a specific language, “within a print-based society,” and “requires active, autonomous engagement with print and stresses the role of the individual in generating as well as receiving and assigning independent interpretations to messages” (p. 336).  This definition is valuable because it stresses not only the skills and knowledge associated with literacy but also the demands it places on the learner and the applications of literacy learned in school (i.e. using reading and writing in the authentic activities of daily life, which has major implications with respect to learners and learning, curriculum and instruction, and assessment).


In addition the the ever-changing definition of literacy in today’s world, there is also some debate as to what constitutes reading and true language literacy and how reading occurs, which becomes apparent when one looks at the current approaches to curriculum, instruction, and assessment.  Is reading merely decoding, or does it necessarily imply the reader’s ability to make meaning from text?  What are the roles of visual, meaning, and sound cues in reading, and where do meaning and context clues become relevant pieces of the process?  And finally, how can teachers instruct and assess students to assure the best possible literacy development?  These questions are important because they inform the ways in which practitioners can work most productively towards the goal of literacy for all, and an overview of various theoretical perspectives and the practices they inform should help to answer them.


Up until the 1970s, reading and writing literacy instruction in America was based on a readiness approach, meaning it was assumed that there were certain developmental prerequisites for reading and writing instruction.  Then, however, researchers began to look at some of the other, unconventional literacy activities emergent readers practice.  Some key features of emergent literacy include following the text (even if there is no word for word match); learning implicitly through everyday activities that are not necessarily part of an explicit lesson; and the tendency of children to move back and forth between Piagetian stages of development.  As reading skills begin to develop, students realize the connection between words and sounds on the page, or the alphabetic principle (the relationship between symbols and sounds).


In Adams’s (2004) model for literacy development, reading begins with the smallest unit of text.  Written text is first processed by the orthographic processor, which receives visual information directly from the page.  After this, the reader then processes text for meaning, followed by context.  The instructional implications for Adams’s bottom-up model rely on the basis that the reader must develop phonemic and phonological awareness before he can begin to blend and chunk words; and he must recognize the individual, blended, and chunked groups of letters before he can concentrate on higher level cuing systems to figure out words.  This phonics-based approach is the underpinning for widespread mandated programs like Reading First and utilizes basal readers and leveled decodable texts that do not necessarily support the use of multiple cueing systems or the development of comprehension skills for beginning readers.  Because this paper focuses on the ways in which educators can integrate language arts and science instruction to develop literacy in both disciplines, Adams’s model does not is not ideal.  Instead, there must be a theoretical framework for language literacy development that supports the role of meaning.


In contrast to the way Adams views literacy development, Goodman and Goodman (2004) do not describe this as a strictly bottom-up process.  In this more integrated approach, context is important to readers’ word recognition.  Readers’ background knowledge and existing schemas support reading as well as syntactic, semantic, and graphophonic contexts.  Readers use multiple cuing systems at the same time, which makes this view on the reading process more integrated than Adams’ sequential process.  Another notable difference is that effective reading is making sense of print.  It is not just accurate word identification, as Adams would argue.  Effective readers use the least amount of information possible to figure out the words, while constantly monitoring and checking themselves for errors.  Major instructional implications stemming from this model are that teachers should connect the texts, provide opportunities where all cuing systems are present, and teach strategies to use those cuing systems.  


Other schools of thought on the reading literacy process abound, but for the purposes of this paper I choose to focus on Adams’s and Goodman’s conflicting viewpoints.

Scientific Literacy


Science literacy is no less complex an issue than literacy in language arts because the idea of what it means to be scientifically literate depends on how one defines science and thinks about how it should be taught in school.  While inquiry-based learning, in which the goal is to educate students as scientists, is a widely accepted view; divergent schools of thought abound.  While my primary focus is on inquiry-based science, it is important to situate this view within a larger context.


One broad definition of science is that it is, “just a system for understanding the natural world” (Irzik 2000, p. 72); but while this concept seems appropriate, it does not address whether or not there are absolute standards for what is to be understood or how one should go about understanding it.  If the goal of science education is to produce a scientifically literate society, we must first figure out what it means to be scientifically literate.  The American Association for the Advancement of Science (AAAS), the National Research Council’s (NRC) Committee on Science Learning, Kindergarten through 8th Grade, and the Center for Science, Mathematics, and Engineering Education’s Roger W. Bybee, and Matthew Weinstein have all developed their own definitions of scientific literacy.   


The American Association for the of Advancement of Science (1990) defines scientific literacy as a state of awareness that science, math, and technology are all interdependent; of understanding of the natural world and scientific ideas, skills, and processes; and of using “scientific knowledge and scientific ways of thinking for individual and social purposes” (p.4).  This definition assumes that science is universal by nature-- that is, that there are specific tools, skills, processes, and understandings to be learned and applied. 


Taking Science to School (1996) identifies the US National Science Education Standards’ broad definition of scientific literacy, which Weinstein (2006) brands as a slogan system.  The NSEC executive summary report defines science literacy a proficiency with the ideas and methods necessary for, “personal decision making, participation and cultural affairs, and economic productivity” (NRC p. 22).  While this definition sounds relevant and meaningful at first glance, it is necessary to situate this definition within specific ideas about the nature of science as a discipline and to investigate the ways in which this definition might translate to learners and learning, the learning environment, curriculum & instruction, and assessment.  The NSEC, for example, acknowledges science as a process of logical reasoning about evidence, a process of changing ideas as scientists acquire new knowledge, and as a cultural practice as it relates to the culture of the scientific community (NRC, p. 2-3).


Bybee (1997) is more sensitive to the different ideals and concepts brought to science by diverse learners from diverse backgrounds.  Instead of focusing on the culture of the scientific community, Bybee speaks to the culture of the communities in which science is practiced.  In this view, science literacy is defined on a continuum of understanding about the natural world rather than in static terms.  Bybee’s continuum ranges, “from nominal to functional, conceptual and procedural, and multidimensional” (p. 86).  This approach suggests an understanding of the diverse and complex nature of learners and learning, learning environments, and learning goals that exist under the umbrella of American education.  The nominal and conceptual ends of the continuum may be viewed in terms of the “slogan system” to which Weinstein refers, where high level approaches to literacy may not necessarily translate smoothly to classroom contexts.  Likewise, the functional, procedural, and multidimensional provide somewhat of an anchor for looking at how these high level ideas take shape in practice.  While Bybee’s discussion of this continuum is limited to scientific literacy, it may be extended to incorporate the multiplicity and multidimensionality of literacy in language arts as well.


Even more recently Irzik (2000) discussed the difference in universalist and multiculuralist perspectives in science and science education.  The most common view of science is that is universal in nature and remains constant despite the experiences, purposes or perspectives of those engaging in it.  In his discussion of the universalist philosophy of science, Irzik defines science as both the performing of scientific activities and the knowledge that comes out of those activities.  Western Modern Science (WMS) encapsulates the universalist philosophy, where Snively and Corsiglia (2000) assert that science is seen as a distinct set of rules for justifying theories about the world-- rules that, “Western governments and courts are prepared to support, acknowledge, and use” (p. 9).


Practices such as Traditional Ecological Knowledge (TEK) exemplify a more relativist approach to defining science.  TEK, as discussed by Snively and Cosiglia (2000), takes a less mainstream approach to science in which scientific literacy is evaluated as a cultural practice, similar to those acknowledged in comparative arts, literature, or history, for example.  It is a view that varies from culture to culture but often emphasizes sustainability and environmental ethics, which is not generally a focus of WMS.  Because TEK, also referred to as indigenous science, does not necessarily conform to the standards of WMS, it is often left out of school curriculum.  This re-conceptualization of science has proved to be a difficult pill to swallow, but in any discussion on scientific literacy it is important to acknowledge alternate views.


Furthermore, in the opening paragraph of its executive summary of Taking Science to School, the Committee on Science Learning in Kindergarten through 8th Grade acknowledges the lagging state of science education in the American public schools and the achievement gap that exists between majority students and economically disadvantaged and culturally minority students (Duschl, Schweingruber, & Shouse, 1996, ES-1).  The committee goes on to acknowledge that, “race and ethnicity, language, culture, gender, and socioeconomic status are among the factors that influence...science learning” (p. EC-2).  While scientific multiculturalists might appreciate this acknowledgment of diverse learners, the committee does assume that science and scientific literacy are a universal concept once learners cross the schoolhouse threshold.  While further investigation of multiculturalist science, as it relates to TEK and multiple cultures within the American educational system, is outside the scope of this paper, it is important to understand that Western Modern Science is not the only perspective for defining science.

Comparing Language Arts and Scientific Literacy 


There are several uniting characteristics of language arts literacy and science literacy.  Multiple literacies, for instance, exist within each content area-- not all of which are acknowledged as being equally credible by all researchers.  Dickinson and Young (1998), however, argue that despite observable similarities, the differences are so substantial that true integrated instruction cannot adequately support literacy development in both subject areas.  I believe that integrated learning, regardless of whether the integration is absolute, is valuable in improving achievement and motivation for literacy development in both science and language arts.   


Researchers acknowledge multiple literacies in both Language arts and Science education.  In learning reading, writing, listening, and speaking, the standard school conception of literacy and what it means to be literate predominates; however, there are also the vernacular literacies of the home and neighborhood.  Weinstein (2006) is careful to note; however, that the existence of multiple literacies, just as in language literacies, does not each of them provides “equal access to networks of power” (p. 611).  Thus, it becomes the teacher’s challenge to acknowledge, affirm, and access students’ multiple literacies while also giving them the knowledge and tools necessary to master the mainstream literacies in language arts and science.  In doing so the teacher will ensure that all children, regardless of background, will have a better access to the power networks Weinstein references.


While language arts literacies include reading, writing, listening, and speaking, Dickinson and Young (1998) identify content literacy and information literacy as two distinct scientific literacies.  Content information literacy is the ability to acquire new content information through the activities of reading and writing.  This literacy, the authors hold, is dependent on skill, prior knowledge, and content-specific knowledge.  Information literacy, however, is defined as the ability to, “access, evaluate, and use information from a variety of sources” (Dickinson & Young, 1998, p. 336).  So while content literacy focuses on specific skills and knowledge, which are universal in nature, information literacy is the ability access information on those skills and knowledge, evaluate their applications and appropriateness, and to then integrate the information with existing knowledge and circumstances.


Another similarity across language arts and science literacies is that students, “must be able to purposefully use language arts and science” (Dickinson & Young, 1998, 336).  This notion of intentionality directly effects learners & learning and the ways in which educators can use the curriculum to serve them.  According to Hapgood and Palincsar (2006-2007), “inquiry-based science... involves students in using the tools of science to answer questions about real world phenomena” (p. 1).  Likewise, students must engage with print in language arts in ways that allow them to carry out meaningful tasks like communication.  


Additionally, “each discipline recommends active interaction” (Dickinson & Young, 1998, 336).   This means that learners are constructing meaning from texts in reading or through investigations in science.  It is highly important that students interact with texts, learning not only how to decode words but also learning concepts of print and the wide array of uses for different kinds of texts.  In science, students must be give the opportunity to experience the tools and materials they are expected to learn about, through the hands-on process of experimentation.  Learning is not a passive process.


Weinstein (2006) identifies further similarities in scientific literacy and language arts literacy.  “...[B]oth...involve specific ‘tools’: skills and knowledge; operate largely transparently (literacy as a tool is intuitive); are portable..., and do not require the status of an expert to use” (p. 610).  I am particularly interested in the idea that neither language arts or scientifically literate people are necessarily experts.  This is true in observing even very young children as they begin to make sense of their world through the use of environmental print and touching, tasting, and viewing their surroundings.   


However, despite the similarities noted above, Dickinson and Young (1998) identify what they consider to be a fundamental difference between scientific literacy and literacy in Language Arts.  This is the idea that generating and interpreting printed text and oral language is the primary process of language arts literacy contrasts with scientific literacy, in which the primary need is for a concrete knowledge base of the “natural world, subject matter, science processes and inquiries, and the nature of science itself” (Dickinson & Young, 1998, 336).  This assessment suggests a somewhat interpretive approach to language literacy, versus a universalist approach to science in which there is a fixed body of knowledge and processes; and the major instructional implication of the authors’ view is that thematic instruction alone is not adequate for solid science literacy development.

Using One to Teach the Other


This paper now assumes that American education, as an institution, aims to produce a society of linguistically and scientifically literate citizens in standard English and western modern science.  This means that, while vernacular literacies should be respected and built upon, I discuss instructional practices and assessments based on their usefulness in attaining the specific goal of developing those literacies Weinstien (2006) views as the door to “networks of power.”  How can language arts and science be integrated to achieve this, and what must we know about learners and learning in order to act and react appropriately?

Learners and Learning


Donovan, Bransford, and Pellegrino (Eds.) (1999) reported key findings about How People Learn that are particularly relevant in understanding the instructional implications that follow from this comparison of language arts and science literacies.  The editors identify three primary insights into the learning process that should inform decisions on development and implementation of curriculum, instruction, and assessments.


According to Donovan et al. (Eds.) (1999), learners enter school with established ideas about “how the world works,” regardless of the subject being taught (p. 20).  Because of the vast stores of previous knowledge they have acquired through experience; students have established knowledge networks, to which they relate the new information they gain in school.  The term schema, first used by psychologist Jean Piaget, describes these networks; and schema theory asserts that...  The knowledge of learners and learning implies that teachers should implement instructional strategies and assessments that make student thought transparent, an idea that will be explored in the next sections of this paper.


Likewise, the same document posits that learners also need background knowledge, a conceptual framework for storing old and new knowledge, and an organizational system that allows for easy retrieval of relevant information.  These components working together allow the learner to develop meaningful and applicable learning, as opposed to a set of disconnected facts.  Not only does this aid the learner in retaining the information, but also in extending the information to notice trends, to analyze, and to make judgments.  


Because background knowledge is a crucial component of learning, educators should strive to assist students in constructing bridges between home and school literacies.  In this way, in-school education should aim to make learning authentic and relevant to students’ lives outside of school.  Educators should view students existing literacies as assets to build upon, rather than as barriers to correct.  When students’ existing knowledge and skills are acknowledged, student-teacher interactions will also most likely shift in a way that allows students to identify themselves as readers and scientists.  Understanding this key feature of learners and learning 


Finally, Donovan et al. (Eds.) (1999) identify the importance of metacognition as a key factor of how people learn.  Simply put, this means that learner’s own awareness of their thinking and thinking strategies can help them to set goals for learning and to monitor their own achievement.  The Importance of background information and metacognition is especially relevant when exploring the value of integrated instruction, which I discuss more thoroughly in the Curriculum and Instructional Strategies portion of this paper.


Furthermore, understanding Vygotsky’s sociocultural theory also has important implications for literacy development.   Sociocultural theory stands on the notion that knowledge is constructed when learners interact with more knowledgeable peers and adults (Woolfolk, 2006).  Again, adult-student interactions become important here because it is through these interactions that adults scaffold strategies to support learning and name students as learners or non-learners, an identification that students often adopt for themselves as well.  For example, by asking a student what he or she has written, the teacher is naming the student as a writer-- regardless of how the student has marked on the page.


Additionally, it is within Vygotsky’s Zone of Proximal Development (ZPD) that learners are presented with content that stretches their thinking beyond its current level but without reaching a level of frustration.  Adult scaffolding, in which the adult models and supports students in engaging in learning activities they cannot yet do independently, is a key component in teaching within a learner’s ZPD.  Children naturally work with others and in doing so they complete tasks they could not accomplish alone.  Sociocultural theory, specifically the ZPD, is key in developing effective curriculum and instructional strategies.

Learning Environment


Establishing a safe learning environment is critical in literacy development.  Maslow’s hierarchy of needs identifies security and safety second only to basic physiological needs.  Providing a safe learning environment from this perspective will largely fall outside of the teacher’s control, but educators at the school and system level should be vigilant in establishing and enforcing rules that assure each child’s physical safety.   


Within the classroom, however, there are measures teachers can take to create an optimal learning environment.  Because classroom discourse is so important for development in literacy as it relates to all curricular subjects, it is imperative that teachers physically set up classrooms and work to establish and maintain classroom social and behavioral norms that support open discussion.  This means teachers should use language to show that multiple viewpoints are not only acceptable but are desirable, teachers should model and expect respectful listening and speaking behavior, and teachers should arrange student desks or tables such that every student is positioned as part of the discussion.


The idea of a safe environment should extend beyond the idea of safety and security that Maslow speaks of, to include safety in terms of the other parts of his hierarchy.   In implementing the recommendations listed above, the teacher is establishing a classroom community that supports exploration, risk-taking and discourse.  The type of safety these practices promote extends to safety in terms of attaining the third and fourth tier needs Maslow identifies: social affiliation and esteem & self-actualization.  When the student is situated in an environment in which these needs are met, then the real work of school can begin.

Curriculum and Instructional Strategies

Can reading & writing and science instruction be integrated in a way that promotes both language arts and scientific literacy?


Dickinson and Young (1998) see the value in using Language Arts to support science literacy development, but they approach the prospect with caution.  The authors agree that language arts skills can be used to teach science but argue that, “they are not enough to help students understand what they need to meet objectives for science itself” (p. 336).  They go on to argue that true integration, meaning that one discipline cannot be differentiated from the other during instruction, is impossible because the sheer nature of the two content areas does not support it in a way that would allow all standards in both subjects to be met.  While I agree that true integration has limitations and should be approached with caution, I do believe that science and language arts instruction can be used in conjunction with one another to improve students’ learning.


The National Science Education Standards (1996) state that every child should have the opportunity to engage in inquiry learning at every level and in every type of science.  Inquiry learning means hands-on activity, in contrast to passive learning based on pure lecture, textbooks and workbooks, or rote memorization of science facts.  According to Edelson, Gordin & Pea (1999), inquiry, or the “pursuit of open questions,” is valuable because is an authentic activity that provides a meaningful motivation, perspective, and context for learning as well as the opportunity to apply the new knowledge (p. 2).   Inquiry learning, however, does require students to posses background science content knowledge; and reading appropriate informational or even fiction texts could provide the motivation and background content necessary to begin the inquiry process.


While reading alone will not satisfactorily develop scientific literacy, Hapgood and Palincsar (2007) argue that using informational text together with hands-on activity can be beneficial for developing literacy in both areas.  Not only do the authors argue that informational texts can help engage students in science content, but they also site research suggesting that students who are given both explicit strategy instruction and, “sustained opportunities to read interesting texts to learn about a particular theme ... are more motivated to read and more strategic in their reading,” than students that only receive strategy instruction (p. 2).  Furthermore, this type of thematic instruction has also been shown to increase reading comprehension.


Several integrated instructional approaches have been shown to benefit student achievement in both reading and science by using first and secondhand investigations.  Hapgood and Palincsar (2007) identify Science IDEAS as a model for integrated instruction in upper elementary classrooms that teaches science, reading, and writing together in a two-hour block.  In Science IDEAS, students learn reading comprehension and writing as they relate to thematic science units.  Students read informational texts (secondhand investigations) to promote interest in the topic at hand and to build background information to support their firsthand investigations, or the inquiry process.  


Reading is not the only useful component of language arts literacy to be explored in science instruction.  Metz (2006) contends that science writing has had a historically significant impact on the science world and on the general population.  Metz holds that, “the ability to communicate through writing and reading is a crucial skill at the heart of developing scientific literacy” (p. 8).  Furthermore, the possibility of using Language Arts literacy in schools to push scientific literacy (and vice versa), has been a topic of interest within both disciplines.  The following paragraphs will discuss several other forms integration may take, what it means for learners, instructional and assessment implications, and thoughts on the efficacy of these practices.


Writing can also be used during science instruction to clarify and organize scientific thought.  Hapgood and Palincsar (2007) explain that students can use writing to record questions about the phenomena under investigation, to show how they have set up their investigations, to record their data, and to explain their observations.  All of the above can be done in a way that promotes multiple literacies by using science notebooks.  Teachers must be careful, however, that students use their notebooks to explain their inquiry process in authentic and thoughtful ways, rather than as a means of generic reporting.


Rivard (1994), another proponent of writing in science, helps to demystify the idea of authentic writing by quoting Newell’s idea that it is, “... done for genuine communicative purposes and when the author attempts to integrate the new information with prior knowledge” (p. 970).  However, writing as communication is not the only science writing the author advocates.  Instead, Rivard suggests that “writing as articulation” assists students in organizing their thoughts on paper, therefore assisting in the process of integrating new knowledge with existing knowledge.  Studies have shown, however, that science teachers generally do not use writing in their classrooms for the authentic purposes noted above.  Instead they tend to use writing for “evaluative purposes” rather than as a means of pushing student thought (Rivard, 1994, 971). Instructionally, this means that students should spend more time on personal analytic writing, rather than the lower-level summery writing, and teachers should put more emphasis on the processes of thinking and writing about the content than on the final product.  

Assessment


Whether or not it is possible to truly integrate curriculum that fully develops literacy in both language arts and science simultaneously, assessments should be structured to give proper attention to both areas.  Because assessment drives instruction, it is imperative that formative assessments make student thought transparent.  Transparency can help correct misconceptions of the kind Duschl et al. (1996) discuss.


Furthermore, assessments should be both formative and summative.  This means that teachers should not merely assess students to gauge learning at the end of a unit for grading purposes.  Instead there should be formative assessments throughout the instruction process, which the teacher can use to fine tune instructional strategies to meet the needs of each individual learner.  This could mean informal measures such as observation or conferencing during investigations or assessing learning through students’ notebooks, which can be assessed for science content as well as evidence of critical thinking and writing development and comprehension.  


Appropriate assessment necessarily depends on one’s theoretical perspective of scientific and language arts literacies.  Assessing language literacy in an integrated curriculum where meaning is key is most suited to the theoretical ideas put forth by Goodman and Goodman (2004).  Unlike Adams, Goodman and Goodman believe that miscues-- as opposed to mistakes-- are not errors because all readers make miscues.  Similarly, semantically acceptable miscues are OK for proficient readers (the word may start with the same letter and make sense in the sentence).  Less proficient readers, on the other hand, make graphophonic miscues (the word may start with the same initial consonant but it does not make sense in the sentence).  


Therefore, miscue analysis provides meaningful assessment for reading literacy.  During this process, oral reading is transcribed and marked.  This method exposes reading strategies and provides insight into the reading process.  “The written material must be new to readers and complete with a beginning, middle, and end.  The text needs to be long and challenging enough to produce sufficient numbers of miscues for patterns to appear. ... Readers receive no help and are not interrupted” (Goodman & Goodman, 2004, 621).  


Likewise, retellings can provide useful information on readers’ comprehension.  Following a reading, students are instructed to retell the story to the assessor as if he/she has never heard the story before.  This is not a general summery of the story’s events, but a full account of the content.  If the student has difficulty, the teacher may ask some open-ended questions for which the goals should be to shift the speaking back to the student.  Miscue analysis and retellings together, because they are flexible and authentic, work well in the context of an integrated curriculum where constructing meaning from text and using writing to organize and deliver content-oriented thought is a key focus.  


It is important to note the value in beginning a unit with a diagnostic assessment, so that the teacher may see the students’ current levels of knowledge on the topic under investigation.  One popular diagnostic assessment is the KWL chart (which can be used across the curriculum).  By this method, students are asked to make a chart outlining what they already know about the topic (K), what they would like to know (W), and finally what they learned as a result of completing the unit (L).  This assessment is applicable to a range of lesson or unit topics, but it is especially useful in any inquiry process.  


Teachers can also utilize performance-based assessments (PBA), in which students’ learning is evaluated based on multiple sources.  This can mean portfolio work, which is valuable because it allows students to easily see their own progress and changes in thinking over time.  PBAs based on the idea of completing an inquiry cycle, which requires students to apply scientific knowledge, skills, and processes during a firsthand investigation are also viable assessments.  Furthermore, science projects in which students have designed, built, tested, and analyzed their work is another authentic assessment that is meaningful, pushes student thinking, and makes that thinking transparent for the teacher.


Although educators should be vigilant in assessing for achievement in both science and language arts based on each disciplines distinct set of standards, they should also be aware of how integrated instruction and its resulting instructional methods can affect assessment.  In assessing the efficacy of writing in science instruction, the type of assessment can be critical in determining best instructional practices.  For example, Rivard (1994) discusses Tierney’s 1981 study on the effects of expository writing (writing for evaluative purposes: note taking, summarizing, explaining, etc. ) and expressive writing (informal writing as in journals) on achievement in biology.  The study found that, while there was no significant gap in achievement on multiple choice tests, the expressive writing group outperformed the expository writing group when researchers assessed using delayed recall.  This study illustrates the fact that, when using assessments of any kind, educators must look at all relevant information; and it is useful in both academic research and in classroom assessments to use multiple data sources. 

Conclusion


Defining and comparing language arts and scientific literacies is not as simple as individual school curriculums would have one believe.  Just as reading is more than decoding, literacy is more than reading and writing, and its definitions depend on the perspective of those defining it.  Likewise, scientific literacy is not necessarily a universal concept, an idea that merits further research and analysis-- especially in light of rapidly increasing globalization in today’s world.  Furthermore, opinions of what constitutes language arts and scientific literacy can be open to different interpretations even within the same guiding documents that national councils and associations put forth.       


In light of the understanding that definitions of literacy are numerous and often express opposing ideas, it is also important to realize the potential in using multiple, balanced instructional and assessment methods.  Explicit and isolated instruction in language arts and science has its place and time, but integrated instruction can also reinforce and extend learning across the curriculum by providing opportunities to learn in ways the NRC has identified as best practices.  Writing in the science classroom, for example, increases metacognitive awareness in a way that only reading for background knowledge does not do.  It is my recommendation, then, that reading, writing, and inquiry be used together to bolster achievement across subject areas, to make learning meaningful for students, and to be used in developing and implementing more authentic assessment techniques that reflect how practitioners actually use the respective literacies out in the real world. 
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